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The Effects of Mirror Instruction on the Emergence of Generalized Imitation of Physical 
Movements in 3-4 Years Olds with Autism 
Lin Du 
I tested the effects of teaching imitation using a mirror on the emergence of generalized 
imitation (GI) of physical movements by children with autism. I first tested if 128 adults, from 
19 to 56 years old, emitted mirrored or non-mirrored responses in GI, because this had been a 
point of theoretical debate and little data were available. I found that typical adults emitted both 
mirrored and non-mirrored responses during the GI probe. Accordingly, topographically correct 
non-mirrored or mirrored responses were considered correct for Experiment Two. In the second 
experiment, using a combined experimental-control group design with a “nested” non-concurrent 
multiple probe design across participants, I compared a mirror-trained group (3 children, ages 3 
to 4 years olds) and a non-mirror (face-to-face) trained group (3 children, ages 3 to 4 years olds), 
controlling for the amount of instruction and maturation. The dependent variable was the 
numbers of correct untaught imitative responses during face-to-face pre and post intervention 
probe sessions, and the independent variable was the mirror training. The results show that the 
mirror instruction facilitated in the emergence of GI in all 3 children with autism in the mirror-
trained group: their controls that received the same amount of instruction face-to -face did not. I 
concluded that mirror training resulted in reinforcement of the duplication production and non-
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Imitation has long been a topic of interest and has been researched and studied 
extensively for decades across typically developing children (Brigham & Sherman, 1968; Horne 
& Erjavec, 2007; Erjavec & Horne, 2008; Erjavec, Lovett, & Horne, 2009; Poulson and 
Kymissis, 1988; Rothstein, 2010), children with autism (Metz, 1965), schizophrenic children 
(Lovaas, Berberich, Perloff, & Schaeffer, 1966), children with mental retardation (Baer, 
Peterson, & Sherman, 1967), and children with developmental delay (Pereira Delgado, 
Speckmen, & Greer, 2009). While most of the research on imitation or generalized imitation has 
focused on discovering means of inducing or teaching it, our understanding of its etiology 
remains surprisingly vague.  
It is the general consensus of most researchers that the acquisition of generalized 
imitation (GI), specifically motor imitations, facilitates learning new and complex behaviors 
because children can then learn by observation and imitation and no longer need direct 
contingencies to acquire some components of new operants (Rogers & Williams, 2006; 
Wohlschlager, Gattis, Bekkering, 2003). With the onset of GI, most repetitive shaping and 
prompting procedures are believed to be unnecessary.  In the following paper, I report two 
experiments on GI and the effects of a mirror procedure introduced by Pereira Delgado, 
Speckman, and Greer (2009) on the emergence of GI in children with disabilities. The research 
reported herein will thus address the question raised by the existing literature concerned with the 
discrimination between left and right sides and the induction of GI in children with disabilities 




In the subsequent section, I will provide brief definitions of the specific terminology in 
the science of behavior analysis and verbal behavior development. The following terms were 
chosen to help the readers better understand the terminology related to my topic. Following the 
completion of the definition of the terms, I will return to the review of the literature that is 
related to the current experiments.  
Definition of Terms 
Imitation as See and Do 
Imitation is considered to be a simple-minded, undemanding “copying” behavior by 
many people. What is imitation?  Thorndike’s (1898) definition for imitation was the emission of 
an act upon seeing others doing it. Cooper, Heron and Heward (2007) defined imitation as the 
behavior that follows the model action. They limited the time frame of imitation as it needs to 
happen “immediately” after the antecedent, but they failed to appreciate the topographically 
resemblance of the responses. Catania’s (2007) definition shared some limitations with Cooper et 
al’s as he referred to imitation as the duplication of modeled responses. Lindsley (1998) 
suggested the usage of the terms “learning channel” introduced by Haughton (1980) to avoid 
vague descriptions of behaviors. He purported that basic learning channels consist of input and 
output channels. Motor imitation can then be referred to “see-do” (Lindsley, 1998) as the 
students see the teacher’s model (input) and imitate the action (output). Consistent with 
Lindsley’s sound operational definitions of response topographies, Pereira Delgado, et al. (2009) 
defined imitation as “see-do” with the point-to-point correspondence. They consider “see and 
do” as one of the behavioral developmental cusps. It refers to the relation between one’s visual 
and motor responses. As noted by Greer and Speckman (2009), see and do, see and write, hear 
and do, and hear and write are all observing and production responses that are duplicated. 




responses and different production responses. Erjavec, Lovett, and Horne (2009) defined 
imitation as “a repertoire that consists of discrete matching relations each of which is directly 
trained” (p. 355) and differentiated it from GI, which consists of the imitation of novel and 
untaught responses. Also, imitation is different from emulation, as the latter results in the same 
product without step-by-step imitation of the model (Hopper, 2008; Rothstein, 2010; Zentall, 
2006). 
Motor imitation can be useful when applied to induce the initial vocal verbal operants in 
pre-speakers in joining the two operants into a higher order operant class. Ross and Greer (2003), 
and Tsiouri and Greer (2003, 2007) presented rapid motor imitation responses prior to 
opportunities to emit an echoic response. They found a functional relationship between the 
emission of tacts and mands and imitative responses, while they were two separate response 
classes and initially independent of one another. The researchers then posited that the two may 
join a high order class or duplic frame as discussed by Catania (2007) and RFT account (Hayes, 
et al, 2001). 
Generalized Imitation 
Generalized imitation is not only a critical behavioral developmental cusp but also has 
been recognized as one of the three verbal developmental capabilities (the other two are 
observational learning and Naming) that facilitate learning in new ways (Greer & Ross, 2008). It 
is found that with GI, individuals continue to imitate others’ actions even after the cessation of 
the delivery of reinforcement in novel circumstances. Once the child masters GI, the child has a 
see-do capability as a response class. This is one of the big milestones in children’s development 
because it shows they can learn by watching others. With GI, children no longer require direct 




procedure to them. This cusp of GI is also a new learning capability. The RFT and higher order 
account also treats this as a new capability. GI can be difficult to induce in some children, but 
once acquired, it enables the individual to acquire new responses and more verbal developmental 
cusps and capabilities. It is important to note that individuals with GI not only imitate “what to 
do”, but also imitate “what not to do” which may cause undesired consequences. 
Erjavec and Horne conducted a series of experiments in attempt to induce the GI 
capability in young children: 15 to 42 month-old children (Erjavec, 2002); 11 months to 19-
month infants (Horne & Erjavec, 2007); 2 to 3 year-old young children (Erjavec & Horne, 2008); 
14 to 24 month-old infants (Erjavec, Lovett, & Horne, 2009). However, none of the experiments 
reported the emergence of generalized imitation of novel target behaviors and they attributed the 
participants’ performances to be more consistent with a trained matching account.  
Hayes, Barnes-Holmes, and Roche (2001) purported that generalized imitation is an 
overarching operant class originated from a history of differential consequences for imitating, 
although they did not specify the reinforcer. This lack of a clear reinforcing component of GI has 
led some to think that a key component of GI is automatic reinforcement and that conditioned 
reinforcer for correspondence is the source for the automatic reinforcement for seeing and doing. 
The verbal behavior developmental theory (VBDT) argues GI is naturally reinforced by the 
correspondence between seeing and doing (Greer & Ross, 2008; Greer & Speckman, 2009) as set 
forth by Baer and his colleges (Baer, Peterson, & Sherman, 1967).  
Behavioral Developmental Cusps and Verbal Behavior Developmental Cusps 
Behavioral cusps are crucial to one’s development and were first identified by Rosales-
Ruiz and Baer (1996). It is the focus of developmental research by behavior analysts who study 




extended it to verbal or language development. They postulated and tested whether the newly 
acquired behavioral cusps made it possible for the individuals to gain access to the contingencies 
that were not available prior to their acquisition. Their contribution has potentially the far-
reaching implications of behavioral treatment and analysis of development. Although new cusps 
and capabilities are difficult to achieve, once achieved one no longer needs direct contingencies 
to learn. Generalized imitation is one of these developmental cusps and is also a behavioral 
developmental learning capability. 
Developmental Capability 
A developmental capability is a type of cusp that results in a new way to learn. Greer and 
Speckman (2009) postulated that all capabilities are cusps, but not all cusps are capabilities. If a 
developmental capability is identified as missing in one’s repertoire, one cannot learn new 
operants from either observation or indirect contact with contingencies. Therefore, identifying 
the missing capability and inducing it immediately becomes very important in one’s 
development. Once the missing capability is identified and established, one can learn new 
operants and have access to higher-order operants at an accelerated rate. Typically developing 
children usually acquire capabilities through incidental learning, while children with 
developmental delays may need intensive interventions to acquire them. Generalized imitation is 
a pre-verbal foundational developmental learning capability (Greer & Ross, 2008) because once 
mastered, it facilitates the development of other new operants and higher-order operants, like 
observational learning. Thus, Verbal Behavior Developmental Theory (VBDT) argues that it is 




Higher Order Operant 
The term “higher order operant”, also called “higher order class of behavior”, refers to a 
class of behaviors that “includes within in it other classes that can themselves function as 
operants” (Catania, 2007, p.392). It is a learned operant but it is not directly taught. It can be 
derived from other learned operants as a result of specific contingencies of reinforcement or 
instructional histories. Examples of higher order operants include Naming (the learning of 
language incidentally), generalized imitation, the joining of saying and writing, and joining of 
listening and speaking. Generalized imitation is a higher order operant because it results in the 
emission of novel imitative responses.  
Stimulus Equivalence (SE) holds that certain relations are learned, and as a result of those 
relations, untrained and unreinforced behaviors are produced from reflexivity, symmetry, and 
transitivity (Sidman, 1971). Relational Frame Theory (RFT) posits that untrained behaviors that 
seem to be emerge automatically without direct instruction are actually learned through several 
instances of exposure to relational responding throughout their lifetime. RFT considers relational 
responding as a higher order operant, and employs multiple exemplar instruction to develop the 
transformation of establishing operations. Actually, RFT was considered as the first to propose 
that higher order operants could be induced by certain multiple exemplar instruction rather than 
psychological mental process (Greer & Ross, 2008). 
Perspective-Taking 
Perspective-taking refers to adopting other people’s views from a position other than that 
of the subject (Mead, 1934).  The acquisition of the perspective-taking capability includes 
responding in a socially appropriate manner and taking into account other people’s perspectives, 
feelings, and thoughts. It is also considered as a sound predictor of one’s social skills levels. 




few years of life (Epley, Morewedge, & Keysar, 2004, Gopnik & Meltzoff, 1994). Before this 
development, young children tend to believe that their views of the world are true reflections of 
the actual properties that shared with everyone else. 
Left-Right Orientation 
Left and right are two most commonly used relative directions. The terms “left” and 
“right” are neutral in a physical sense, with respect to left-right orientation. That is, right or left is 
not absolute but relative to the reference person and his/her orientation in space. Right and left is 
also a pair of complementary directions (Rigal, 1994). Related to right-left orientation, the 
individual's relative position changes with the subject's orientation. A 180 degree rotation puts on 
the "right" what is before on the "left." In an oriented world, the ability to refer to right and left 
plays an important role in both finding one's own way and learning specific activities.  
Relational Frame Theory (RFT) 
Based on Sidman’s (1971) seminal findings that identified the untaught relations emerged 
as a result of certain taught relations, Hayes, Holmes, and Roche (2001) greatly expanded upon 
the explanatory capabilities of the phenomenon of stimulus equivalence by introducing a series 
of relations beyond equivalence: mutual entailment, combinatorial entailment, and 
transformational of function. Furthermore, they argued that behaviorally testable relations can 
explain human language and cognition (the most vital topic in human psychology studies) in 
behavioral terms. RFT is based on apparent functional similarities between certain features of 
human language and derived relational effects (Barnes-Holmes, Barnes-Holmes, & Cullinan, 
2000; Hayes, 1991; Hayes, Barnes-Holmes, & Roche, 2001), and is a behavioral theory that 
draws on a number of well established behavioral principles to explain language and cognition. 




responding by “speaking with meaning and listening with understanding.” The patterns of 
derived relational responding may vary, but they all share the same three properties: mutual, 
combinatorial, and transformational entailment. 
Verbal Behavior Developmental Theory (VBDT) 
Greer and Ross (2008), and Greer and Speckman (2009) summarized the research and 
updated Skinnerian-based account of verbal behavior that incorporates SE, RFT, and VBDT.  
They define verbal behavior as “the language functions of both speaker and listener as the 
individual functions with others and within his or her own skin” (Greer & Speckman, 2009, 
p452). They extended Skinner’s definition of verbal behavior on the role of listener and the 
joining of the listener and speaker repertoires (Donley & Greer, 1993; Lodhi & Greer, 1989; 
Greer & Longano, 2010; Hayes, Barnes- Holmes, & Roche, 2001). They identified pre-verbal 
foundational developmental cusps, speaker and listener cusps, and verbal capabilities 
(generalized imitation, observational learning and Naming) and 9 milestones (pre-listener, 
listener, speaker, listener-speaker exchanges, speaker-as-own listener, reader, writer, writer as 
own reader, verbal mediation for solving problems). They summarized research and 
experimentally identify protocols to induce the missing developmental cusps or capabilities, such 
as visual tracking, voice conditioning, listener emersion, mirror procedure, intensive tact, speaker 
immersion, writer immersion, and so on.  
The Mirror Procedure 
For children who are unable to obtain generalized imitation via incidental observation 
learning, additional experiences may be required to reproduce the responses upon observing 
others perform the response. Based on the fact that mirrors reflect images and provide feedback 




The mirror procedure requires both the teacher and the child to sit in front of a standing mirror 
and the teacher teaches the child imitation sets in the mirror. In their study, with the 
implementation of a mirror, all 6 participants with developmental delays showed the emergence 
of GI. This study may be important because it is one of the few studies that led to successful GI 
capability. With the help of a mirror during the imitation instruction, it provides the direct visual 
one-to-one correspondence between one’s own actions and the modeled actions from the teacher, 
which eliminates the ambiguous guess if the individual’s responses matched the model’s. 
Surprisingly, prior to Pereira Delgado, et al’s (2009) paper mirrors had not been used to teach 
imitation to children who were missing this capability. 
Learn Unit 
The learn unit is a basic measure of teaching (Albers & Greer, 1991; Greer, 1994; Greer, 
2002; Greer & Ross, 2008). The learn unit contains one potential three term contingency for the 
student and two or more three term contingencies for the teacher, tutor, or an automated device 
(Greer, 1991). According to Greer and McDonough (1999), the learn unit predicts and measures 
the dynamic instruction and students’ learning. It functions as a measure contacting the 
fundamental act of teaching that compromises the behavior of the teacher and that of the student.  




Table 1  
An Example of the Learn Unit Components 
Behaviors Operant of teacher and student 
Getting student’s attention Teacher antecedent 
Student attends Teacher consequence 
Teacher says “Do this” together with the model 
of the action of clapping hands 
Teacher behavior 
Student antecedent 
Student responds by clapping hands Student behavior 
Teacher consequence 
Teacher Antecedent 
Teacher responds “Great job” and records the 
student’s response as a plus 
Teacher behavior 
Student consequence 
Completion of learn unit Teacher consequence 
 
REVIEW OF THE LITERATURE 
 Imitation  
Many disciplines have been studied imitation extensively and they all have their different 
interest and focus. In the following section, I will review the history of the research on imitation 
and some possible problems. To date, the most influential theories and research of imitation 
come from behavior analysis, cognitive psychology, and neuroscience.  
Typical Development of Imitation 
In the literature on typical children’s development, imitation has been given a central role 
in the acquisition of social and cognitive abilities. Some argue that typically developing children 
start to imitate from their infancy. Some researchers believed imitation to be an inborn ability 
because neonates were observed to display some facial expressions (Meltzoff & Moore, 1977; 
Meltzoff & Moore, 1989; Vinter, 1986). Gergely, Bekkering, and Kiraly (2002), Meltzoff and 
Moore (1977), Meltzoff (1988), and Schwier, Maanen, Carpenter, and Tomasello (2006) 
reported that when engaged in interaction with an adult demonstrating actions, sometimes 




(1977), and Uzgiris (1972) found that typical infants tended to show successful imitation of 
familiar actions. Similar results were also reported with simple toy playing skills, such as 
shaking (Killen & Uzgiris, 1981). Imitation of more varied, but familiar activities, such as 
manipulations of toy objects were developed later with the increase of children’s age (Uzgiris, 
1981).  
Other investigators rejected the interpretation of neonatal matching responses as real 
imitation and reported a complete absence of imitative responses at these very early ages 
(Abavanel & Sigafoos, 1984; Hayes & Watson, 1981; Lewis & Sullivan, 1985). Jacobson (1979) 
found that 2-6 week olds’ tongue protrusion can be elicited by a broad class of stimuli and 
therefore challenged the hypothesis that tongue protrusion was the imitation of adults’ behaviors. 
These non-replications drew attention to important variables and raised questions about possible 
limitations in the studies that supported infant imitation. If we also take into consideration the 
infants’ restrained physical development and limited attention span, neonatal imitative behaviors 
seem to be just the product of innate releasing mechanisms observed in some of the animals 
(McKenzie & Over, 1983). 
Skinner (1957) believed that imitation is not inherent, but can be acquired quickly during 
early childhood. It is reported that during typical development, children acquire imitation skills 
significantly during 9 to 12 months old (Abravenel, Leven-Goldscmidt, & Stevenson, 1976). 
However, imitation is not developed in a linear trend. As Nadel (2006) found that around 42 to 
46 months old, there is a decline observed in children’s imitation. She proposed that it was the 
result of the quick emergence of young children’s language development at the same time 
replaced the role of imitation as a vital social repertoire. Her findings were in line with the 




They found that imitation of body movements in children with disabilities did not follow the 
linear progress of the increase of children’s age as the 35 participants made substantially more 
progress from age 2 to age 3 than from age 3 to age 4. However, this study was devoted to 
imitation of a different topography-vocal verbal behavior (i.e., echoic behavior), and was not 
about generalized imitation of motor movements. 
Social Significance of Imitation  
 It is believed that imitation not only functions to facilitate the acquisition of physical 
causality (Williamson, Meltzoff, &Markman, 2008), but also plays a critical role in social 
development (Carpenter, 2006; Meltzoff, 2007) and other important repertoires such as verbal 
behavior (Ross & Greer, 2003; Tsiouri & Greer, 2003; Tsiouri & Greer, 2007), play (Fiese, 
1990; Uzgiris, 1990), and cultural skills (Capenter, Akhtar, & Tomasello, 1998).  
Imitation has long been considered a significant aspect of early communication between 
adults (both caregivers and unfamiliar people) and children (Bower, 1977; Eckerman, Whatley, 
& McGehee, 1979; Meltzoff & Moore, 1992; Uzgiris, 1981). It has been observed that typically 
developing infants and their parents engage in mutual imitation from infancy (Bower, 1977; 
Pawlby, 1977; Uzgiris, 1984). Uzgiris (1981) suggested that imitation might function in 
interpersonal situations as apprehension of mutuality and sharing of attention between the model 
and imitator in a less-constrained setting. Adams (1984) reported that children with autism were 
found more socially responsive and had better eye contact when the experimenter imitated their 
behaviors than when they were asked to imitate responses from the experimenter. Meltzoff 
(1990) found similar results that infants smiled more and held longer eye contact with the adult 
who is imitating their behavior. These observations led him to conclude that mutual imitation is a 




vocal verbal behaviors. Such imitation is valued by its reciprocity between the two partners who 
consistently alternate their roles between model and imitator (Nadel, 2002). However, it should 
be noted that learning to imitate needs be distinguished from learning by imitation (Parton, 
1976). 
Imitation in Non-Human Animals 
 Given the essential social importance of imitation in the community of human, what about 
the non-human species? Can they imitate? There has been large discrepancy among the 
researchers’ findings and conclusions. Moore (1996) concluded from his observation that 
imitation appears in the behavior of non-human animals, especially great apes. However, other 
researcher like Tomasello (1990) and Tennie, Call, Tomasello (2006) refused to agree that non-
human animals can imitate, but at most emit emulation. Other researchers found that animals 
(e.g. chimpanzees) sometimes imitate and sometimes emulate (Custance, Whiten, & Bard, 1995;  
Stoinski, Wrate, Ure, & Whiten, 2001; Whiten, 1998). 
 If they can imitate, which animals imitate and what and when do they imitate? To find out 
the answer to these questions, comparative psychologists typically used the two-action method to 
assess imitation in animals. One of the early efforts to establish imitation was done by Hayes and 
Hayes (1952) with a 3-year-old home-raised chimpanzee, Viki. She showed some imitation, such 
as applying lipstick and face powder on her face. Although Hayes and Hayes postulated that the 
imitative capability of the chimp was the result of a combination of heredity and experience. 
Their research provided a template for scientists after them for studying some environmental 
controls of imitation, especially the role of reinforcement in determining the emergence of 
generalized imitation. Whiten and his colleagues did a series of research in studying chimpanzee 




imitate manual actions with their hands (Custance, Whiten, & Bard, 1995; Stoinski, Wrate, Ure, 
& Whiten, 2001; Whiten, 1998). Zentall (2001) noted some possible related variables in animal 
imitation, such as reinforcers, motivation, and enculturation. 
 Although true imitation, that is, generalized imitation, could be remarkably difficult to find 
in the experiments with non-human animals, imitation is not restrained by the novelty 
requirement. With this standard, I see some of the examples listed in Table 2 as possible cases of 
imitation in non-human animals, even though they might be species-typical behaviors. But 
caution needs to be taken before conclusions are drawn, as the cases are also selective and 
difficult to verify with shifting use of definitions of imitation. A limitation in these non-human 
animal studies lies in the lack of independent observer agreement for the animals’ actions. Thus, 




Table 2  
“Imitative” Behaviors Observed in Different Non-Human Animals  
Animals Behaviors Observed Imitation or Not 
Guppy Female guppies imitate others’ mate choice in 
choosing male guppy fish (Gibson & Hoglund, 
1992) 
Establishment of conditioned 
reinforcement by observation, 
since no new behavior is 
acquired 
Rat Rats increased the rate of pressing the rod in 
certain direction as a result of observing other 
trained rats (Heyes, Dawson, & Nokes, 1992) 
Could be imitation 
Bee Honey bees observed bumble bees cutting the 
holes on flowers and imitated sucking the nectar 
(Romanes, 1884) 
Could be imitation 
Parrot A male parrot copied its owner’s movements 
and speech (Moore, 1992; 1996) 
Parroting  
Pigeon  Pigeons imitated the demonstrator by pushing a 
sliding screen door for food with their beaks 
(Klein & Zentall, 2003)  
Observational learning 
Harbor seal A human-raised seal echoed about dozen 
English words (Rawls, Fiorelli, & Gish, 1985) 
Vocal mimicry or parroting 
But no movement imitation 
Dolphin The dolphin observed the diver cleaning tank 
and imitated the action as well as the sounds 
from the diver’s valve (Tayler & Saaymen, 
1973) 
Imitation 
Monkey A young female rhesus monkey carried a 
coconut shell after observing her mom carrying 
a sibling (Breuggeman, 1973) 
Could be imitation, but no 
stringent experimental tests 
Cat The cats learned to jump hurdles on signals 
(John, Chesler, Bartlett, & Victor, 1968) 
Responses were shaped or 
conditioned 
Cannot prove cats imitate 
Gibbon A female home-raised gibbon copied a few 
responses, such as mouth opening and tongue 
protrusion (Moore, 1996) 
Reflexive responses  
Not imitation 
Chimpanzee A home-raised chimpanzee learned to mimic in 
“do-as-I-do” test (Hayes & Hayes, 1952) 
 
Responses were not one-to-
one correspondent with the 
model 
Need to raise the level of 
fidelity to be counted as 





Cognitive Psychological Accounts of Imitation 
Cognitive psychologists have also actively investigated this phenomenon. Piaget was the 
first one who proposed a comprehensive and developmental theory and gave imitation a central 
role in the development and onset of language (Piaget, 1962; Piaget & Inheler, 1969). He argued 
that body, facial, and vocal imitation developed throughout the six stages of sensory-motor 
development. The Piagetian account of imitation proposes that extrinsic reinforcement may not 
be necessary for the occurrence of imitation because imitation is intrinsically reinforcing. 
However, it is worth noting that this is not operationally different from the conditioned 
reinforcement account since “intrinsic” may be “automatic” and not necessarily an intrinsic 
psychological process. Piaget (1951) proposed that the development of imitative abilities can be 
linked to the sensory motor period of development, in which infants progress through different 
imitative stages during their first two years. He also postulated that no true imitation was 
possible before 1 month old and considered any pseudo-imitative responses to be reflexive 
responses.  
Piaget’s (1962) detailed models of imitative development had a significant impact on the 
developmental psychologists for the past half a century. Later psychologists tested his theories in 
the laboratory. However, few studies bore out his theories and this Piagetian account was not 
credited by subsequent developmental psychologists. They abandoned Piaget’s theory in favor of 
the development of self-recognition. By conducting mirror self-recognition tasks and synchronic 
imitation tasks, Asendorpf and Baudonniere, (1993), and Asendorpf, Warkentin, and 
Baudonniere (1996) have demonstrated that self-awareness and other-awareness emerge in 
tandem during children’s second year. Nielsen & Dissanayake (2004) conducted a longitudinal 




awareness because it requires understanding the reciprocal roles of the model and imitator as 
well as the willingness to be like the other.  
Based on the findings of systematic errors in imitation, the theory of goal-directed 
imitation was developed (Bekkering, Wohlschlager, & Gattis, 2000; Gleissner, Meltzoff, & 
Bekkering, 2000; Wohlschlager, Gattis, & Bekkering, 2003). It assumed that imitation is guided 
by cognitively specified goals. According to this theory, the individual does not imitate the 
observed response as an intact action, but rather breaks it down into the hierarchically ordered 
smaller pieces, and chooses the highest objective to be main goal. Wohlschlager, et al proposed 
that the main goal is most strongly associated with the achievement of that goal. Although this 
theory appears to account for some imitation errors in children, especially the responses with 
respect to object use imitation, it fails to explain which standard is used to hierarchically 
organize the goals and other research found conflicted findings that children’s matching errors 
did not show omission of inferior goals (Erjevac, 2002). Also, this theory did not discriminate 
between imitation and emulation, in which the former carries the same topography to achieve the 
goal, while the latter may use various methods to complete the task (Rothstein, 2010). 
In addition, the common limitation in these cognitive studies lies in the fact that none of 
them conducted systematic baseline sessions prior to their intervention to eliminate the possibly 
of the participants’ having the later “acquired” responses in repertoire, thus the conclusion that 
they learned the responses due to the treatment may not be warranted.  Another apparent 
drawback in these studies lies in the delivery of non-contingent reinforcement on the 





Neuronal Science Findings in Imitation  
While the different orientations between behavioral analysis and cognitive psychology 
lead to conceptually different levels of analysis of imitation, neuronal science focuses on the 
organism’s nervous systems. Dawson, Warrenburg, and Fuller (1983) reported that children with 
autism showed significantly greater right hemisphere activation during the imitation tasks than 
typical developing children.  
Recent findings by neuroscientists suggest that the priming of “mirror neurons” occurs 
not only when the organism imitates actions from others, but also under the conditions when 
equivalent actions are observed to be imitated by other agents. These mirror neurons were not 
only found in humans, but also found in monkeys (Rizzolatti, Fabbri-Destro, & Cattaneoand, 
2009) and songbirds (Tchernichovski, & Wallman, 2008). Heyes and Ray (2000), and Heyes 
(2001) offered the Associative Sequence Learning Model (ASL) in attempt to explain how 
mirror neurons match observed and performed actions. According to ASL, the development of 
imitation is a result of the associations between sensory and motor representations of movements 
and correlated daily sensori-motor experiences. Heyes (2001) proposed the perceptual-motor 
translation be considered as the defining feature of imitation because it serves as a bridge 
between sensory and motor representations. His theory is very similar to VBDT in that both of 
them identify imitation as an example of the intercept of observation and production.  
Possible Variables in Imitation 
 Researchers have become increasingly aware that imitation is not a unitary act but a 
complex interaction of phylogenic and environmental conditions. That is, besides instruction, 
many other factors are built into the experimental sessions, whose influences are not carefully 
controlled. These may exert control over participants’ behaviors.  




most similar to the parental behaviors will produce more response generalization than those 
resulting from response variants which are dissimilar to the parental stimulus. Baer and Sherman 
(1964) regarded similarity per se as a crucial stimulus dimension in imitation tasks. In other 
words, behavioral similarity can be defined as a relational stimulus and response relation. Rogers 
and Pennington (1991) suggest that in order to engage in imitation, infants must form and 
coordinate social representations of self and other through “representational processes that 
extract patterns of similarity between self and other” (p. 137). 
 Instructional control. Instructional control is another important variable that needs to be 
taken into consideration. Imitation usually involves an interpersonal relationship, between the 
child and the other individual who serve as the model. Observation of imitation in natural 
settings, usually between a mother and her child, suggest that imitation may be bi-directional and 
rely on rely on the instructional control from the model. These findings are also consistent with 
Rothstein’s (2010) dissertation, which shows that habituation made a significant difference in the 
children’s emulation results. She reported that 2-year-olds who were habituated to the 
experimenter emulated, while non-habituated 2-year-olds did not. All prior studies reporting the 
2-year olds could not emulate did not provide habituation. Unfortunately, during the conduction 
of experiments, the interpersonal aspect of imitation between the child and the model has been 
given little attention while its cognitive nature has been emphasized. Experimenters in most of 
the studies were strangers to the children serving as participants. Therefore, little, if there was 
any, interpersonal control was well established. 
 Task difficulty. Peterson, Merwin, Moyer and Whitehurst (1971) studied the effects of 
stimulus complexity on imitation. With the introduction of increasing task difficulty in imitation 




the importance of control task difficulty as factors in the multiple control of imitation. Harnick 
(1978) found that the infants imitated the irrelevant behaviors if the task was of moderate 
difficulty but did not imitate them if the task was too simple or difficult.  
 Instructional History. Williamson, Meltzoff, and Markman (2008) studied experiences 
and perceived efficacy influence on 3 year-old children’s imitation and they found that children 
emitted imitative responses based on combined information from their own prior instructional 
histories and their observations of others. They conducted three experiments with varied task 
difficulty and they found that the children tended to emit responses recalled from their previous 
instructional history when the task was easy, but when it becomes novel and more difficult than 
the ones they did before, the children then imitated with point-to-point correspondence.  
Term Misuse 
Although there have been numerous studies on imitation, the literature has not been 
consistent in applying the term. Other terms like matching (Jacobson, 1979), mimicking 
(Chartrand & Bargh, 1999), copying (Nielsen, 2006; Nielsen, Simcock, & Jenkins, 2008), and 
observational learning (Bandura, 1965) have been used interchangeably with imitation, which 
attribute to the ambiguity in the literature and may easily lead to confusion and misunderstanding 
among the readers. 
Matching. Some argue that the term matching comprises a wide range of copying 
behavior, such as imitation and emulation (Moody & McIntosh, 2006). The view taken in this 
paper is that matching or generalized identify matching is a much broader term, and imitation is 
a sub-class of matching that only contains see-do correspondence.   
Modeling. The term modeling has been used to describe teaching students a range of 




in many of the previous studies (e.g. Brody, Lahey, & Combs, 1978; Goldstein & Mousetis, 
1989; Werts, Caldwell, & Wolery, 1996), in which the use of a model resulted in acquisition of 
new missing repertoires by the participants. However, the model procedure alone may not 
always be effective. Christy (1975), and Birnbrauer, Hopkins, and Kauffman (1981) failed to 
find the relationship between the model’s demonstration and the observer’s behaviors. 
Observational learning. Another term that has been used interchangeably with imitation 
is “observational learning.” Greer, Singer-Dudek, and Gautreaux (2006) identified that there are 
5 different kinds of observational responding and they are: 1) emission of a previously acquired 
repertoire, 2) acquisition of a new repertoire, 3) acquisition of conditioned reinforcers by 
observation, 4) acquisition of an observational learning repertoire per se, and 5) acquisition of 
higher order operants by observation. However, Greer, Singer-Dudek, and Gautreaux (2006) and 
Greer, Singer-Dudek, Longano, and Zrinzo (2008) found that it is not the observation of 
reinforced behavior per se but that the procedure that result in the conditioning of the 
consequence observed as a function of observational learning. 
Vicarious learning. Vicarious learning comes from vicarious reinforcement. Gewitz and 
Stingle (1968) defined vicarious reinforcement as positive reinforcerment that is administered to 
a model contingent upon a target behavior, which will increase the future frequency of the 
observer emits the same behaviors.  
Generalized Imitation 
Difference between Imitation and Generalized Imitation 
While imitation requires one to observe the model and respond with topographically 
duplicated actions, GI as a higher-order operant, enables one to imitate novel actions that are not 




commonly than the delivery of instruction involving feedback in the classroom. Thus, it is 
crucial for students to acquire the new operants through GI.  
Years after Baer et al’s (1964) introduction to the term GI, imitation and GI have still 
been used interchangeably without careful discrimination. In fact the term generalized imitation 
as used in behavior analysis actually refers to what other scholars refer to as imitation.  While 
novelty is not considered as a defining property of imitation, acquisition of novelty is generally 
adopted by most researchers as one of the most important measures of GI. GI can be considered 
as the “true imitation” because only when the participants emit novel, and non-instructed 
responses can we conclude that they acquire this capability. GI actually implies the criteria of 
emitting novel see and do correspondence. Work with children with disabilities by behavior 
analysis led to the use of GI because such individuals often lack the repertoire of emitting novel 
see-do responses. As a result of classifying this deficit, the use of the term GI arose.  
Although there is a wealth of studies on imitation, few studies have reported successful 
induction of a generalized imitation repertoire especially when a stringent criterion was 
established. In addition, due to the substantially varied standards that researchers applied in their 
studies as well as the inconsistence in their use of the terms, it was not clear which procedure, if 
any, can lead to the emergence of the GI capability.  
Behavioral Analysts’ Explanation for Generalized Imitation 
Baer, Peterson, and Sherman (1967) postulated that GI may be the result of similarity 
between the behavior of the participant and the experimenter becoming a conditioned reinforcer. 
They found that contingent positive reinforcement can induce a specific imitative repertoire in 




matching account that a generalized imitation repertoire can be induced by establishing similarity 
as a conditioned reinforcement for infants.  
An alternative hypothesis to the conditioned reinforcement account was proposed by 
Gewirtz and Stingle (1968), and Gewirtz (1971). A similar and related explanation of schedule 
effects argues that it is the intermittent reinforcement that produces and maintains GI. Gewirtz 
and Stingle (1968), and Gewirtz (1971) proposed that GI can be explained by the familiar 
general effects of intermittent reinforcement schedules, as seen repeatedly in many simpler 
response classes. Thus, GI is argued to be the result of a stretched schedule. However, using 
extensive non-consequated probe trials is one way to test the intermittent schedule source. That 
is, if the participant is not reinforced with a prosthetic reinforcer for numerous trials the role of 
intermittent reinforcement is placed in doubt. 
Peterson (1968) expressed dissatisfaction with the functional importance of behavioral 
similarity as a stimulus in maintaining non-reinforced imitations. He claimed to have 
successfully induced novel one-step responses by interspersing them among reinforced imitative 
responses. It may be hard to convince all that the emergence of the untaught responses represents 
the induction of GI where no reinforcement is dispensed by the experimenter.  Bandura (1968) 
hypothesized that it was because individuals were unable to discriminate between reinforced and 
unreinforced behaviors during imitation tasks that produced GI. Hence, his statement was simply 
echoing the Brigham and Sherman’s (1968) statement of intermittent hypothesis. 
Hayes, Barnes-Holmes, and Roche (2001) proposed that multiple exemplar instruction is 
necessary and sufficient to help children acquire GI. However, Pereira Delgado, Speckman, and 
Greer (2009) did not find a reliable connection between extensive instruction and GI. The latter 




conditioned reinforcer in children’s repertoires, consistent with Baer’s original conditioned 
reinforcement account .  
Previous Attempts in Inducing Generalized Imitation 
Baer and his colleagues did three seminal studies in the field to induce GI. Baer and 
Sherman (1964) conducted the first behavior-analytic study of generalized imitation in children. 
They found that 7 out of 11 children continued imitating topographically dissimilar behaviors 
after being reinforced for their mouthing, nodding and verbalizations. They interpreted their 
finding in that reinforcing some imitative actions systematically increased the future frequency 
of the directly reinforced behavior as well as other non-reinforced imitations of the same class.  
Lovaas, Berberich, Perloff, and Schaeffer (1966) taught two initially non-verbal children 
with Schizophrenia imitative speech (i.e., echoics) and proposed that the establishment of see 
and do imitation in children with disabilities appeared to be the most rewarding and practical 
starting point for the development of their verbal behavior. While it is admitted that development 
of imitative speech is of great importance, he failed to set it apart from the repertoire of imitation 
of motor movements (Ross & Greer, 2003; Tsiouri & Greer 2003). Young, Krantz, 
McClannahan, and Poulson (1994) found that acquisition of GI repertoire for vocal responses did 
not lead to imitative responding in the presence of other models such as gross- and fine-motor 
movements, facial displays, toy play, and gestures. This again suggests that imitation does not 
generalize to different duplicative topographies.  
Poulson and Kymissis (1988) tested object use imitation in three 10-month-old male 
infants.  Parents modeled the target responses with the toys to their own children with the vocal 
antecedent “Do this”. The young children’s imitation responses with the toys increased after the 




However, their findings were constrained by a couple shortcomings: 1) Object use imitation 
belongs to a different response class than gestural movements and cannot be used to predict the 
children’s gestural imitation repertoires because GI may not be generalized across topographical 
boundaries (Young, Krantz, McClannahan, & Poulson, 1994), 2) children were found to perform 
better on object use imitation than imitation with empty hand gestures as reported by Curcio 
(1978) with twelve 4-to 12-years-old boys with autism, 3) GI was defined as behavior that bears 
topographical resemblance and does not need be consequated. Therefore, their definition of GI 
was flawed in that they did not include novelty as one of the necessary components of the 
requirements. 
Poulson, Kyparissos, Andreatos, Kymissism and Parnes (2002) found that imitation of 
motor-with-toy, motor-without-toy, and vocal responses consist of separate imitative classes in 
infants towards the end of their first year. However, the biggest limitation in their study is that 
they did not control for the participants’ previous learning history and did not establish at the 
outset whether the target behaviors were novel or already a feature part of the infants’ trained 
matching repertoires. In other words, the participants might already have had those responses in 
their repertoire prior to the study or got trained during the intersession period by their parents at 
home (Horne & Erjavec, 2007). Therefore, the validity of the study is still at question. 
Erjavec and Horne attempted to induce GI capability in 15 to 42 month-old children 
(Erjavec, 2002); 11 months to 19-month infants (Horne & Erjavec, 2007); 2 to 3 year-old young 
children (Erjavec & Horne, 2008); and 14 to 24 month-old infants (Erjavec, Lovett, & Horne, 
2009). With young participants aged below two years old, Erjavec in her dissertation (2002) 
using a stringent criterion design, failed to replicate the findings of Poulson’s et al. (2002) study 




evidence of higher-order matching; rather, she explained the performances of her participants in 
terms of generalization of extra-experimentally trained matching repertoires. The last two 
experiments again showed no evidence of higher-order matching and she concluded that infants' 
GI capabilities have been overestimated in the previous research. Her findings were consistent 
with psychological studies in that young infants failed to demonstrate GI. 
Horne and Erjavec (2007) again found no evidence of GI in infants aged 11 months to 19 
month. The results were consistent with Erjavec (2002), which found that infants did not match 
novel behaviors in GI probes. They attributed failure to perform GI to the high degree difficulty 
of the target gestures and they argued that their results were at odds with the conditioned 
reinforcement hypothesis of Baer and Deguchi (1985), which predicted that infants’ matching 
responses to novel models should gradually increase.  
Erjavec and Horne (2008) continued to study twenty 2-to 3 year-old children in attempt 
to find the determinants of imitation of hand-to-body gestures. They found that all children 
responded more accurately when the modeled responses were in the same hemispace as the 
experimenter. However, GI did not emerge when they probed their young participants on the 
novel untaught responses even after training in related motor skills. They concluded that infants 
between 1-2 years old showed no reliable evidence of GI of novel target behaviors and that the 
infants’ responses during the probes matched up with the trained matching account. In their 
study, they ignored the difference between non-mirrored and mirrored responses as most of their 
participants demonstrated strong tendency to mirror the responses. As they could not find any 
interpretation in any of the cognitive accounts, Horne and Erjavec attempted to explain the 
phenomenon on parents’ physically ‘‘putting through’’ (Konorski & Miller, 1937) in correcting 




hemisphere bias in their participants. However, this argument is not truly convincing as it is not 
common for parents to directly teach their typically developing children imitation at home.  
 In Erjavec, Lovett, and Horne’s (2009) study, their baseline matching training comprised 
of the behaviors that the infants were able to emit. However, if these were the actions that the 
infants emitted in the first place, they should be counted as part of their repertoire. In other 
words, the baseline training session was not a learning process at all. This then raised questions 
about their conclusion of the trained matching account. To address this problem, a wider 
selection of the actions needs to be included in their pre-intervention probe to determine the 
novel actions for the participants, and only those can be selected to form the later instructional 
sets. Besides, the failure of the emergence of GI could also be due to the inconsistency of the use 
of experimenter’s vocal antecedent. During baseline matching training, the experimenter asked 
the infants “Can you do this?” while during their staggered matching training of target behaviors, 
the experimenter did not use the same vocal antecedent. Instead she asked the infants to “do 
this”. According to Baer and Deguchi (1985), the antecedent is one of the extra-experimental 
variables that can affect GI. This may also account for some of the participants’ difficulties in 
their generalizations of trained imitation responses into the novel untaught ones. In addition, 
teaching the participants singular exemplar to criterion level (emitting the target response at least 
20 times) is a tedious process for both the experimenter and the participant and may make the 
training procedure aversive to them. Greer, Stolfi, and Pistoljevic (2007) compared singular 
exemplar instruction (SEI) and multiple exemplar instruction (MEI) on emergence of untaught 
listener and speaker responses  (Naming) by preschoolers who were missing Naming and the 
data they reported show that Naming emerged in the group who had MEI but not SEI. This result 




especially in children with disabilities. 
Recent Success in Generalized Imitation with Children with Disabilities 
Pereira Delgado, et al. (2009) recently reported the emergence of GI in children with 
autism using a mirror. They hypothesized that the mirror provided the practical advantage of 
making participants’ body parts observable. Using training sets, they taught 6 children with 
developmental delays to imitate adult actions in a mirror and GI emerged. The addition of the 
use of a mirror in the teaching procedure differed from all previous studies in that the use of a 
mirror allows the participants to see the experimenter and themselves at the same time. All 
participants showed the emergence of GI after the acquisition of imitation in a mirror. While the 
results demonstrate that the mirror procedure was sufficient to produce some types of GI, the role 
of the mirror was not isolated from instruction without the mirror and the response requirements 
were not as stringent as those of Erjavec and colleagues studies. Another limitation of this and 
prior studies was that there were still question marks in whether a topographically correct 
response should be considered correct if the response was or was not to be considered as correct. 
Some have suggested that the emission of topographically correct responses should be 
considered as correct only if the response was non-mirrored. Direct evidence of how adults 
responded with empty-hand physical movements was missing in literature. 
Perspective-Taking 
As first addressed by Mead (1934), the ability to adopt the perspective of another 
individual is considered to be a complex and critical set of cognitive abilities. Developing these 
perspective-taking abilities appears critical to reacting appropriately in social situations that 
require taking into account other people’s views, from empathy, to cooperation, to turn taking 




promoting social coordination (Galinsky, Ku, & Wang, 2005). Chartrand and Bargh (1999) 
conducted 3 experiments with college students and revealed the Chameleon Effect, which 
described the unintentional imitation of others after taking the perspective of others. They found 
that this employment of perspective taking ultimately leads to more pleasing interpersonal 
interactions.  
Cognitive Psychologists’ Views on Perspective-Taking 
Cognitive psychologists purport that it is perspective-taking that enables individuals 
come to realize other people hold different views of the same objects with respect to their own 
position. Piaget and Inhelder (1948) were considered as one of the first few psychologists to 
propose children’s progressive ability to consider other people’s viewpoints as a consequence of 
the passage from egocentrism to socicentrism. Inspired by Piaget’s research and theory, 
cognitive psychologists later attempted to explain the effects of perspective-taking through 
increased self–other overlap in cognitive representations (Davis, Conklin, Smith, & Luce, 1996). 
Rochat (1995) found that children as young as 3-year-olds were able to implement perspective-
taking to decide the farthest distance that they and others can reach. Moll and Tomasello (2006) 
found not until 2 years old did children develop simple visual perspective-taking skills that are 
required in the acquisition of imitative responses. Herold, and Akhtar (2008) tested 48 young 
children’s (18-20 months-old) imitative learning, mirror self-recognition, and perspective-taking 
and only 2 participants succeeded in the perspective-taking task. Therefore, they concluded that 
perspective-taking is difficult in the young age group but the understanding “self–other 




Relational Frame Theory (RFT) and Perspective-Taking 
Unlike the traditional behavioral analysts who did not devote much attention to 
perspective-taking, Relational Frame Theory (RFT) provides some of the first empirical research 
to this topic. Their findings were found to overlap with the contributions made by Theory of 
Mind. According to RFT, the most fundamental frames for the development of perspective-
taking are the deictic frames. These critical and basic units specify a stimulus relation in terms of 
the perspective of the speaker. RFT attempts to induce perspective-taking by constantly changing 
the physical environment of the speakers and the listeners and asking “WH” question about the 
three basic relational frames: I and you, here and there, and now and then (Barnes-Holmes, 
Barnes-Holmes, & Cullinan, 2001). At the same time, RFT also believes in the emergence of 
perspective-taking without these actual words. 
Theory of Mind (ToM) and Perspective-Taking  
Besides RFT, another popular explanation for perspective-taking comes from Theory of 
Mind (ToM), a branch of cognitive developmental literature. ToM focuses on the capacity to 
understand behaviors, emotions and mental states of others in order to understand that others 
have different behaviors, emotions and mental states from one’s own (Baron-Cohen, 1995; 
Baron-Cohen, 2000; Baron-Cohen & Hammer 1997; Frith & Frith, 2003; García, Gómez-
Becerra, Chávez-Brown, & Greer, 2007), as well as to design functional instruction to facilitate 
the remediation of perspective-taking deficits for children with disabilities (Barnes-Holmes, 
McHugh, & Barnes-Holmes, 2004).  
Howlin, Baron-Cohen, and Hadwin (1999) have outlined five levels of understanding of 
informational states before perspective-taking really emerges. The five levels in ToM approach 
involve increasing levels of complexity in understanding informational states from from the 




and acting on the basis of false belief. However, the theories are not convincing enough because 
of the lack of related empirical research. 
Mirror Images 
Mirrors, with one flat reflective surface, are widely used in our common daily life to help 
us dress (i.e. tie ties) or groom. We see ourselves in the mirror and it helps associate our body 
parts with direct visual feedback. From the experiments conducted with human infants and 
animals, it is found the use of the mirror functions as an objective instrument to establish self-
concept (Gallup, 1970). Stutsman (1931) indicated that two thirds of the 2-year-old children 
were able to establish self-recognition in the mirror. Amsterdam (1972) also found similar results 
that self-recognition in the mirror occurred between 20-24 months. The ability to discriminate 
between mirror images requires individuals to adopt other’s spatial perspectives and share 
other’s perspectives of the world. In fact many people find it quite hard to do. Wapner and 
Cirillo (1968) found that children younger than 10 to 14 years old frequently respond to a 
modeled gesture with its mirror counterpart. 
Mirrors have unique physical features, including what is referred to as the “mirror 
problem” (Bennett, 1970). This phenomenon includes what occurs when one tries to read a text 
that is reflected in a mirror. Also, two-dimensional pictures and three-dimensional objects can be 
converted to their mirror images by rotating them. While the mirror-image pairs appear to 
maintain the same shape, the orientation changes as you rotate the image. We perceive the mirror 
world as left-right reversal; in fact, mirrors do not reverse left and right.  Actually, the mirror 
image is an optical reflection, rather than a reversal of the incoming image. What a mirror does is 
to reverse the forward and backward axis, which has the exact same effect as reversing left and 




Rationale of the Study 
 Despite the central role of the mirror in the participants’ acquisition of GI, the effect of the 
mirror has not been isolated from other variables in the recent study by Pereira Delgado, 
Speckman, and Greer (2009). The paper did not provide adequate control (e.g., control of the 
number of learn units) to allow inference that the emergence of GI was specifically the result of 
the mirror employed in the training session. Furthermore, although children with disabilities 
successfully acquired GI after training in a mirror, Pereira Delgado et al (2009) also reinforced 
both mirrored responses and non-mirrored responses. Therefore, they did not address the concern 
articulated by Erjavec and Horne (2008) that children who were trained to imitate some target 
actions tended to hold a hemisphere bias. While it is acknowledged that young children 
demonstrated a hemisphere bias during their imitation, the question at issue is whether it is a real 
“bias” or is it actually a typical phenomenon. 
 Given that none of the existing theories provide a convincing interpretation of GI and few 
studies with a rigorous standard for GI demonstrate successful induction of GI, the goal of the 
present study was threefold: 1) to test if typical adults emit mirrored responses or implement 
perspective taking during imitation to determine if it is important for children to imitate non-
mirrored responses, 2) to test whether teaching of multiple imitation sets would result in the 
emergence of the GI capability in children with disabilities, 3) to isolate the effects of the mirror 





GENERAL METHOD  
Overview 
I conducted two experiments. The first one sought to determine whether teaching 
mirrored or non-mirrored responses was important in imitation tasks. The second one was to 
determine if the mirror was effective in teaching GI to children with disabilities. In the first 
experiment, I tested 128 adult participants on GI to determine if typically developing adults 
responded with correct left and right orientations when they imitated. In the second experiment, I 
tested the effects of teaching imitation to children with autism in mirrors by using a combined 
experimental-control group design with a “nested” time-lagged multiple probe design across 
participants. The 6 participants were assigned into a mirror-trained group and a non-mirror 
trained group. The 3 participants in the experimental group received instruction on imitation in 
mirrors using a multiple probe design, while the other 3 participants were taught face-to-face 
with the experimenter. 
Participants 
In Experiment One, 128 adults (30 males and 98 females) served as participants. The 128 
participants ranged in age from 19 to 56 with a mean of 28. In Experiment Two, the participants 
included 6 preschool children diagnosed with autism, ranging in age from 3 to 4 years old. They 
were paired according to their mental age and physical development and then randomly assigned 
into a mirror-trained group and a non-mirror trained group.  
Dependent Variable  
In both experiments, the dependent variable was the number of correct responses to novel 
imitation presentations emitted during the probe sessions. During the probe, the experimenter 




were sitting face-to-face with the experimenter. None of the responses were consequated during 
probes. The criterion level for achieving GI for probe sessions was set at 90% accuracy or above 
for one session.   
Procedure 
In Experiment One, the adult participants were only tested for GI and no intervention was 
implemented because the results show that they all had GI in their repertoire. 
In Experiment Two, the sequence of the experiment was as follows: 1) pre-experimental 
probes for GI for all students to determine if they had GI in their repertoire, 2) I taught imitation 
sets to students in the both groups until the participants from one intervention group mastered 
criteria on 3 sets of imitation responses, 3) instruction for both intervention groups was stopped 
and I conducted the post instruction probes for both groups to determine if GI emerged, 4) if 
none of the participants demonstrated mastery of GI in repertoire, another 3 sets of imitative 
responses were then introduced for both groups, and 5) step 2 to 4 was repeated until participants 
from one intervention group mastered GI. 
 For the mirror group, during the instructional sessions the experimenter and the 
participant sat side by side in front of the mirror and both of them could see each other from a 
mirror. The experimenter first called the participant’s name to get his/her attention and directed 
him/her to look at the mirror. When the participant looked at the mirror, the experimenter 
modeled the target response proceeding with the vocal antecedent, “Do this”. Both mirrored and 
non-mirrored responses were accepted as correct. For the non-mirror trained group, the 









In Experiment One, 128 adults, aged from 19 to 56 years old (with a mean of 28 years 
old) were recruited to serve as participants. Ninety eight participants (77%) were female (aged 
from 19 to 56, with a mean of 31) and 30 participants (23%) were male (aged from 19 to 30, with 
a mean of 25 years old). Six participants (4.7%) were left-handed (1 male and 5 females) and the 
rest 122 (95.3%) used their right hand as the dominant hand (29 were males and 93 were 
females).  
Of the 128 participants, 61 were teachers and teaching assistants recruited from a private 
preschool, while the other 67 were recruited from the Engineering Department of a major 
university. For the first 61 participants, the study was conducted at the preschool for children 
with and without disabilities located outside a large metropolitan area. For the other 67 
participants from the Engineering Department of a university, they were chosen at random on 
campus. No special appointments were made, nor did the researcher know any of the participants 
prior to the study. These participants participated in the experiment in an office in a department 
building on campus. 
Setting 
 For the 61 participants recruited from the preschool, the study was conducted in a 
classroom in the preschool. The classroom was about 4.5x 4m, which had a horse shoe shaped 
table in the middle, and 3 smaller rectangle tables placed at 3 sides of the room. During the time 
of the study, the researcher and the participant sat in the center of the classroom, directly facing 




Before the onset of the study, the researcher asked the participants to put away everything in 
hand and read the instructions to the participants as follows. 
 “In the next few minutes, I want you to imitate what I do after I say, “Do this”. Please do 
not ask me any questions or talk about the study with your coworkers. Thank you!”  
For the other participants who were recruited from the university, the study was 
conducted in a small office room (3m x 3min size) in the engineering department. There were 2 
chairs and 2 tables in the room. The procedures were conducted in the exact same fashion as in 
the preschool. Each probe session took between 1 and 2 minutes. If the participants attempted to 
raise any questions before or during the study, the researcher told them that the questions would 
be answered when the study was completed.  None of the participants were aware of the purpose 
of the experiment prior to the study.  
Response Definition and Data Collection 
Erjavec and Horne may have provided a stringent standard in their studies (Horne & 
Erjavec, 2007; Erjavec & Horne, 2008; Erjavec, Lovett, & Horne, 2009). The target responses 
used in their studies appear to be comprehensive. Thus, in the present study, I adopted and 
expanded the target actions induced by Erjavec and Horne. This allows comparison of the results 
of my investigation to be compared with theirs. 
However, the 26 target responses here were not exactly the same as Horne and Erjavec’s 
studies, but were modified and expanded based on Horne and Erjave’s responses. For example, 
the target behavior “hand cross to shoulder” was expanded into two responses “right hand cross 
to shoulder” and “left hand cross to shoulder” (see Table 3). That is, for the first response the 
experimenter used her right hand to touch her left shoulder, and for the other response the 




the probe session was done to provide more opportunities to compare the participants’ use of left 
versus right hand responses and their mirrored versus non-mirrored responses.  Also, actions like 
“tongue out” was not included in this probe list based on the findings by Abavanel and Sigafoos 
(1984), Lewis and Sullivan (1985), and Jacobson (1979) that it is just one of the reflexive actions 
can be elicited by a broad range of stimuli. These 26 responses were chosen also because they 
were novel and relatively complex actions that were unlikely to be encountered or practiced in 
children’s daily settings. 
Table 3   
Actions Presented to Adults during Experimental Probes  
Number Target Responses Responses Description 
1 Right hand cross to 
shoulder. 
Right hand tapping left shoulder 
2 Right hand same shoulder Right hand tapping right shoulder 
3 Left hand cross to 
shoulder 
Left hand tapping right shoulder 
4 Left hand same shoulder Left hand tapping left shoulder 
5 Both hands same 
shoulders 
Right hand tapping right shoulder & left hand tapping left 
shoulder 
6 Both hands cross 
shoulders 
Right hand tapping left shoulder & left hand tapping right 
shoulder 
7 Right hand cross to elbow Right hand tapping left elbow  
8 Left hand cross to elbow Left hand tapping right elbow  
9 Right hand cross to wrist  Right hand tapping right wrist  
10 Left hand cross to wrist Left hand tapping right wrist  
11 Palms up bowl Half folding palms together in front  
12 Arms crossed in front Two arms cross in front of body 
13 Right hand cross to knee Right hand tapping left knee 
14 Right hand same knee Right hand tapping right knee 
15 Left hand cross to knee Left hand tapping right knee 
16 Left hand same knee Left hand tapping left knee 
17 Right hand cross to ankle Right hand tapping left ankle 




19 Left hand cross to ankle Left hand tapping right ankle 
20 Left hand same ankle Left hand tapping left ankle 
21 Right hand cross to ear Right hand tapping left ear 
22 Right hand same ear Right hand tapping right ear 
23 Left hand cross to ear Left hand tapping right ear 
24 Left hand same ear Left hand tapping left ear 
25 Both hands same ears Right hand tapping right ear & left hand tapping left ear 
26 Both hands cross ears Right hand tapping left ear & left hand tapping right ear 
 
The dependent variable in Experiment One was the numbers of correct GI responses 
emitted by the adults during the pre and post training probe sessions. A total of 26 responses 
were demonstrated to the participant when he/she was sitting face to face to the experimenter. As 
shown in Table 4, there were 11 ipsilateral responses (8 unimanual and 3 bimanual), and 15 
contralateral responses (12 unimanual and 3 bimanual). There were no other responses 
interspersed with them to assess the participants. None of the responses were consequated during 
probes and the participants did not know if their responses were correct or incorrect. 
Table 4 
Ipsilateral and Contralateral Responses during Probe Sessions 
Type   Responses 
Ipsilateral Unimanual Right hand same shoulder 
  Left hand same shoulder 
  Right hand same knee 
  Left hand same knee 
  Right hand same ankle 
  Left hand same ankle 
  Right hand same ear 
  Left hand same ear 
 Bimanual Both hands same shoulders 
  Palms up bowl 
  Both hands same ears 
Contralateral Unimanual Right hand cross to shoulder 
  Left hand cross to shoulder 




  Left hand cross to elbow 
  Right hand cross to wrist  
  Left hand cross to wrist 
  Right hand cross to knee 
  Left hand cross to knee 
  Right hand cross to ankle 
  Left hand cross to ankle 
  Right hand cross to ear 
  Left hand cross to ear 
 Bimanual Both hands cross shoulders 
  Arms crossed in front 
  Both hands cross ears 
 
However, it was not clear whether or not the sequence of the responses in the probe list in 
Table 3 would influence the participants’ responses. In other words, it was unknown if people 
tended to use one hand more than the other to respond, if there were a couple of responses in a 
row preceding it modeled with the same hand. For example, did the order of hand orientation 
responses affect responding? To test for the sequence effect, I arranged the sequence of the 26 
movements into 4 different orders of the probe lists for this experiment, as see in Table 5. Probe 
List 1 was designed in the order that the same hand responses were arranged consecutively. In 
Probe List 2, right-hand movements were alternated with left hand movements with the 
requirement of touching different body parts. Probe List 3 had no consistent order pattern but 
mixed the sequences of left hand with right hand, and different body parts. Probe List 4 
presented right hand movements and left-hand movements alternating touching the same body 
parts. The creation of the 4 different probe lists was done with the adults to determine which 
order resulted in minimum sequence effects on the participants’ responses for the subsequent 
experiment. In the conduction of the experiment, the adult participants were assigned to each 




Table 5  
Four Different Versions of Probe Lists Used in Experiment One 
Number Probe list 1 Probe list 2 Probe list 3 Probe list 4 
1 Right hand cross to shoulder. Right hand cross to shoulder. Left hand same shoulder Right hand cross to shoulder. 
2 Right hand same shoulder Left hand same shoulder  Left hand cross to wrist Left hand cross to shoulder  
3 Left hand cross to shoulder Both hands same shoulders  Right hand cross to knee Both hands cross shoulders 
4 Left hand same shoulder Right hand cross to elbow Right hand cross to ankle Right hand cross to elbow  
5 Both hands same shoulders Left hand cross to wrist Right hand cross to ear Right hand cross to wrist  
6 Both hands cross shoulders Palms up bowl  Left hand same ear Palms up bowl 
7 Right hand cross to elbow Right hand cross to knee Right hand same shoulder Right hand cross to knee 
8 Left hand cross to elbow Left hand same knee  Right hand cross to wrist Left hand cross to knee  
9 Right hand cross to wrist  Right hand cross to ankle  Right hand same ankle Right hand cross to ankle 
10 Left hand cross to wrist Left hand same ankle Both hands same ears Left hand cross to ankle  
11 Palms up bowl Right hand cross to ear Right hand cross to shoulder. Right hand cross to ear 
12 Arms crossed in front Left hand same ear  Both hands same shoulders Left hand cross to ear  
13 Right hand cross to knee Both hands cross ears Right hand cross to elbow Both hands cross ears 
14 Right hand same knee Right hand same shoulder  Palms up bowl Right hand same shoulder  
15 Left hand cross to knee Left hand cross to shoulder  Left hand same knee Left hand same shoulder 
16 Left hand same knee Both hands cross shoulders Left hand same ankle Both hands same shoulders  
17 Right hand cross to ankle Left hand cross to elbow Both hands cross ears Left hand cross to elbow 
18 Right hand same ankle Right hand cross to wrist  Left hand cross to shoulder Left hand cross to wrist  
19 Left hand cross to ankle Arms crossed in front  Both hands cross shoulders Arms crossed in front 
20 Left hand same ankle Right hand same knee Left hand cross to elbow Right hand same knee 
21 Right hand cross to ear Left hand cross to knee Arms crossed in front Left hand same knee 
22 Right hand same ear Right hand same ankle  Right hand same knee Right hand same ankle 
23 Left hand cross to ear Left hand cross to ankle  Left hand cross to knee Left hand same ankle 
24 Left hand same ear Right hand same ear Left hand cross to ankle Right hand same ear 
25 Both hands same ears Left hand cross to ear Right hand same ear Left hand same ear 
26 Both hands cross ears Both hands same ears Left hand cross to ear Both hands same ears 
Coding 
Similar codes as in Erjavec and Horne’s studies were constructed to categorize each 




mirrored responses, non-mirrored responses, two-handed responses, and not related responses (as 
see in Table 6). To increase the recording speed and decrease the latency between the two 
responses, all responses were coded into Arabic numbers. Number 1 stands for mirrored 
responses, number 2 represents non-mirrored responses, number 3 are for two hand responses 
and number 4 stands for non-related responses. Among the 26 responses, there are 6 responses 
that require the participants to respond by using both of their hands (#5, #6, #11, #12, # 25 and 
#26) in Probe List 1. For these 6 responses, the mirrored responses were the same as the non-
mirrored responses. Therefore, they were given the coding number 3 when the participants 
responded correctly and the coding number 4 was recorded when the participant emitted any 
incorrect responses.  
Take response #24 in Probe List 1 “Left hand same ear” for example, the researcher first 
modeled the action by using her left hand touching her left ear. If the participant responded by 
using his/her right hand touching his/her right ear, it was counted as a mirrored response (1); if 
the participant used his/her left hand touching his/her left ear, it was counted as a non-mirrored 
response (2); and if the participant used his/her left hand touching right ear or emitted other 
actions, it was counted as a non-related response (4). The coding system not only provided more 
information for the researcher to analyze post data collection, but also concealed the results from 
the participants, especially the teachers and teaching assistants who worked with children with 




Table 6   
Response Coding Categories for Experiment One 
Coding Number  Participants’ Responses  
1 Mirrored responses 
2 Non-mirrored responses 
3 Bilateral responses 
4 Non-related responses 
Interobserver Agreement 
 Interobserver agreement (IOA) was obtained by having two independent observers who 
were naive to the study record the correct and incorrect responses simultaneously. The two 
observers were trained to a criterion of 100% agreement before the onset of the experiment. In 
the current study, IOA was conducted by two experienced researchers who had extensive 
teaching and experiences in working with and doing research with children. They sat at two sides 
of the researcher and conducted IOA at the same time. IOA was calculated by dividing the 
numbers of agreements into the number of point-to-point agreements plus disagreements and 
multiplying the answer by 100 to obtain a percentage of agreement. Ninety-eight percent of IOA 
was obtained for 91 participants (71% of the participants) during the probe sessions, ranging 
from 96% to 100 %. 
Interscorer Agreement 
 Interscorer agreement (ISA) was obtained by having an independent scorer calculate the 
number of responses in different categories emitted by each participant on the preprinted data 
collection forms. The independent scorer was naïve to the purposes of the study. ISA was 
calculated by dividing the number of agreements into the number of trial-by-trial agreements 




ISA was conducted for 100% of all the participants with a mean agreement of 97% (range from 
95% to 100%). 
Results 
 All 128 adult participants completed the 26-response probe sessions. Across 128 
participants and their 3,328 responses, only 50 were non-related (coded as 4), while the other 
3,278 responses (98.5%) were either mirrored or non-mirrored responses. Since typical 
developing adults have GI in their repertoires, it can be concluded that both mirrored and non-
mirrored responses were acceptable in imitation task.  
 Mirrored vs Non-Mirrored Responses and Right vs. Left Responses 
 
In this experiment, except the very few non-related responses, mirrored and non-mirrored 
responses could be considered as two complementary variables emitted by the same individual. I 
hereby created two variables: the first one was the discrepancy of mirrored responses, which was 
calculated by having the number of mirrored responses subtract the number of non-mirrored for 
each participant; and the other new variable was the discrepancy of hand responses, which was 
calculated by having the number of right hand responses subtract the number of left hand 
responses for each participant. 
From the results, it was apparent that adults did not consistently perform mirrored or non-
mirrored responses t (127) =4.6, p<. 01 (Table 7). Instead, they tended to perform mirrored 
response significantly more than non-mirrored responses. Similarly, people did not consistently 
perform right-or left-hand responses, t (127)= 6.56, p< .01(Table 7). In fact, they tended to 




Table 7  
 
General Description of Discrepancy between Mirrored and Non-Mirrored Responses and 
Discrepancy between Right Hand and Left Hand Responses  
 
 Mean  Std Error One-Sample t test 
(compare to zero) 
Discrepancy of Mirrored Responses 5.5703 1.21 4.6** 
Discrepancy of Hand Responses: 2.5391 0.39 6.56** 
Note. N=128. *p<.05, **p <.01 
 
The adults’ preference of mirrored or non-mirrored responses largely differed during 
imitation, while the difference of people’s preference between right-hand or left-hand responses 
was relatively smaller (Figure 1).  







Gender and List on Discrepancy of Mirrored Responses 
 
A 2 (gender) x 4 (probe list) analysis of variance was performed on the discrepancy of 
mirrored responses and revealed the significant differences between the two genders F (1,120) 
=10.883, p<.01 (Table 8). That is, there was a large discrepancy between the number of mirrored 
and non-mirrored responses emitted by male participants and female participants. Fortunately, 
different types of probe lists did not have any effects on the participants’ emission of mirrored 
and non-mirrored responses. Similarly, there was not any reported significant influence caused 
by gender x probe list interaction.   
Table 8  
 
Effects of Gender and List on Discrepancy between Mirrored and Non-Mirrored Responses 
 
Source SS df MS F 
Between      
  Gender 1805.610 1 1805.610 10.883** 
  List 909.417 3 303.139 1.827 
  Gender x List 947.055 3 315.685 1.903 
Error 19909.207 120 165.910  
Note. N=128. *p<.05, **p <.01 
 
 For the female participants, the discrepancy between their mirrored and non-mirrored 
responses was significantly positive, which means that their mirrored responses largely 
outweighed the non-mirrored responses.  For the male participants, the discrepancy between the 
mirrored the non-mirrored responses was slightly negative, which could be interpreted as the 
males did not show any apparent inclination toward any of the two responses. In sum, the female 




Figure 2. Gender Difference on the Emission of Mirrored vs Non-Mirrored Responses 
 
I then compared male and female participants’ responses and found that there was a 
significant effect for gender, t (126) = -3.342, p < .01, with women receiving higher scores than 
man (Table 9).   
Table 9  
Gender Differences in Emission of Mirrored and Non-Mirrored Responses 
 N Mean Std. Error 
Male 30 -1.47 2.78 





Gender and List on Discrepancy of Hand Responses 
A 2 (gender) x 4 (probe list) analysis of variance was performed on the discrepancy of 
hand preference. I found that the main effect of different probe lists was significant, F (3,120) = 
6.47, p< .01 and revealed a list effect (Table 10). In other words, people tended to perform 
different hand preference in different lists (Figure 3). In this case, gender or the interaction 
between gender and probe list did not cast any significant influence on people’s hand preference. 
Table 10 
Effects of Gender and List on Discrepancy between Left and Right Hand Responses 
 
Source SS df MS F 
Between      
  Gender 2.545 1 2.545 .152 
  List 325.894 3 108.631 6.471* 
  Gender x List 85.474 3 28.491 1.697 
Error 2014.449 120 16.787  
Note. N=128. *p<.05 
 
As displayed by Table 11, only when Probe List 4 was used did people not show any 
hand preference (mean=0.16). When the other three probe lists were used, people tended to emit 








Table 11  
Differences among the 4 Probe Lists on the Adults’ Hand Preference 
Probe List Mean Std. Error 95% CI 
   LL            UL 
1 3.85  0.76  2.37 5.33 
2 1.84  0.48  0.90 2.79 
3 4.19  1.04  2.15 6.23 
4 0.16  0.49  -0.8 1.12 
Note. CI=confidence interval; LL=lower limit, UL=upper limit 
 
 Ipsilateral vs. Contralateral responses 
 The results showed that the adult participants were more likely to make errors when they 




responses (9 incorrect responses, 18%). What is more, 80% (40 out of 50) of all errors occurred 
when the participants were asked to imitate the cross body midline responses with one hand 
(Table 12). 
Table 12 
Number and Percentage of Correct and Incorrect Ipsilateral Responses vs Contralateral 
Responses Emitted by Adults 
  



































Summary of Results 
The results showed that: 1) the adult participants emitted both mirrored and non-mirrored 
responses during the generalized imitation probe, 2) the participants tended to use their dominant 
hand more (in this case, the right hand), 3) there was a distinctive difference between the two 
genders in their imitation responses. Female participants were more likely to respond by 
“mirroring” the target responses than male participants, 4) the order of the lists was a factor in 
the preference for hemisphere responding, and 5) adults made more errors in emission of one 
hand contralateral responses than the other responses.  
Discussion 
The research question for the first experiment was to test if typical developing adults 
employed the correct left and right orientations when they imitated. The present results indicate 




during the face-to-face imitation task. Most adult participants did not visually reverse the actions 
to adopt the experimenter’s perspective. Many responses were emitted by their dominant hand 
regardless of what hand the experimenter used. As Cooper and Shepard (1973) put it, “mental” 
(visual) rotation may not always be utilized in all responses to imitative actions. Maki, Grandy, 
and Hauge (1979) suggested that the difficulty experienced by adults in “mirroring” the 
imitations was due to the ambiguous and ill-defined terms “left” and “right.” Sholl and Egeth 
(1981) also suggested that it is the directional commands or labels, but not the relative directions 
of left-right difference per se that people have difficulty with. In the current study, left and right 
are defined with respect to the experimenter’s and the participants’ bodies. Consistent with the 
characteristic of the population at large, the adult participants were also found to use their right 
hand to imitate more than to use their left hand. It is possible that this may be due to dominant 
hand preference. Similar results were reported by Wohlschlager, Gattis, and Bekkering (2003), in 
which found both children and adults participants held strong dominant hand preference during 
object use imitation tasks. 
   The pattern similarity explanation (Baer, et al., 1964) argued that the differences between 
the mirror and non-mirrored responses lie in the discrepancy between some modeling stimuli and 
the stimulus feedback generated by their imitative responses. It could be possible that children 
try to maximize the visual similarity to the model demonstration.  
As in the present study, the vocal antecedent given was only, “Do this,” and the 
participants were not allowed to ask any questions prior or during the GI probe. No vocal verbal 
behavior was used to prompt the participant. In fact, it was not uncommon for the adults to 
attempt to understand the purpose of the study by asking the experimenter what he/she was 




given and the study continued. In informal discussions after the completion of the study, when 
the focus of the experiment was revealed, some participants claimed that the inconsistency in 
their emission of mirrored and non-mirrored responses, as well as right and left hand responses, 
was due to the lack of knowledge of the purpose of the study.  
Another relationship that might affect the results was between gender and mirror or non-
mirrored responses. Among the 128 adult participants, the females mirrored significantly more 
than the males. Although few early researchers reported that males were observed to imitate 
more than females (Bandura, 1965; Kanareff & Lanzetta, 1961) or the opposite (Hetherington, 
1965; Patel & Gordon, 1960), none of them found the gender difference in mirroring during 
imitation. In a recent study conducted by Nagy, Hompagne, Orvos, and Pal (2007) about gender 
differences in neonatal imitation, they found that newborn girls responded to imitation tasks with 
faster and more accurate responses compared to the boys. Actually, gender is such an important 
factor that it affects us in almost everything we do. People are categorized into two groups from 
birth (boys and girls, and later men and women), raised and treated in completely different, or 
even opposite ways as they grow. Grace, Davide, and Ryan (2008) found that gender could be an 
essential factor that informs children’s choice of imitative behaviors in terms of imitating more 
same-sex models. While some reported the strong preferences for same-gender peers initially 
shown from age 3 and increased with age (e.g. Powlishta, Serbin, & Molller, 1993), others found 
that young girls tended to imitate females more than males at the age 3, but this trend could be 
reversed as age increases (Serbinm, Moller, Gulko, Powlishta, & Colburne, 1994; Pitcher, & 
Schultz, 1983). 
Although these findings may not completely account for the different results by the two 




to mirror the responses while the males did not because the probes were conducted by a female 
researcher. It would be interesting to conduct another study by a male researcher. The 
contribution of the possible biological and socio-cultural factors to the large discrepancy between 
the two genders merits further exploration. Nevertheless, this would not affect the results 
reported here that the typically developing adults do not always give the non-mirrored responses. 
Theoretical and Practical Implications 
In light of the results that typically developing adults emitted both mirrored and non-
mirrored responses during generalized imitation probe, it is apparent that the discrimination 
between left and right during imitation does not and should not be considered as a component in 
the assessment of accuracy of GI for young children with disabilities. As found in this study, all 
of the adults who apparently have perspective-taking ability did not show a consistent 
discrimination between left and right when they imitated actions. Therefore, it may be 
reasonably asserted that the discrimination between left and right orientations is not a defining 
feature in the generalized imitation of motor responses like this, and need not be considered in 
the definition of correct and incorrect responses during the instruction and testing of imitation.  
In closing, it is suggested that both mirrored and non-mirrored responses be taken as correct and 
reinforced during initial instruction of generalized imitation of physical movements to children 
diagnosed with autism.  
Rationale for Acceptance of Non-mirrored and Mirrored Responses  
 In the first experiment, the results showed that more than half of the adults mirrored the 
responses rather than using the same side of their body as the model when they imitated physical 
movements. This finding led to the assumption that discrimination between left and right 




capability in students diagnosed with autism in my Experiment Two without the requirement to 
differentiate mirrored and non-mirrored responses.  
Limitations 
The limitation of this study included the finding that the sequence of the probe list may 
be an influential factor of the results, which may affect the validity of the findings of the hand 
preference. The adult participants performed quite differently in the four different probe lists, in 
which the 26 responses were arranged in different sequences. This response bias was shown as 
most right hand responses were emitted when ipsilateral responses were sequentially presented 
(e.g. left hand movement, left hand movement, left hand movement, right hand movement, right 
hand movement, right hand movement). At the same time, more left hand responses were 
emitted by the participants when the same responses were required to be emitted from each side 
of the body (e.g. left hand same shoulder, right hand same shoulder). As I found in the current 
experiment that the sequence of the target actions did cast an influence on the participants’ hand 
use preference except in List 4, Probe List 4 was chosen to be used in the future experiment to 










The participants in this experiment were six preschool aged students, 5 males and 1 
female, ranging in age from 3 years to 4 years-4-months old. All participants were identified as 
children with Autism Spectrum Disorders. They all functioned at early listener and pre-speaker 
levels of verbal behavior. There were various ethnicities represented in the participants.  In this 
experiment, I tested the 3-4 year olds also because children of this age were often used in the 
literature on comprehensive imitation. 
They were recruited for this study because they had the verbal developmental cusps of 
teacher presence resulted in instructional control, visual instructional control, and generalized 
matching of two-dimensional and three-dimensional in repertoire. However, they had not yet 
developed the imitative repertoires. They were assessed by using the CABAS International 
Curriculum and Inventory of Repertoires for Children from Pre-School through Kindergarten 
(C-PIRK) (Greer & McCorkle, 2009; Waddington & Reed, 2009) and assessments of verbal 
development described in Greer and Ross (2008). As the curriculum-based assessment tool and 
instructional resource for the behavior analysts, the C-PIRK and verbal behavior assessment were 
conducted and updated on a regular basis to evaluate the then-current verbal behavior levels and 
repertoires of the students (See Table 1 for a description of the participants). 
The six participants were recruited from a privately run and publicly funded preschool, located 
in a suburban area, outside a major metropolitan area.  The school had 21 classrooms (located on two 




and capabilities (pre-listener/ speaker through speakers and emerging self-editors).  The students were 
placed in the classrooms with children with similar verbal behavior levels so that the teachers as 
behavior analysts could implement research-based tactics, principles and protocols to address their 
individual needs. The method of instruction employed and the measurement of the students' responses 
to instruction and curricular objectives were based on the principles and tested tactics of applied 
behavior analysis and verbal behavior analysis. There were 155 students enrolled in the preschool at 
the time of the study.   
The participants were matched on repertoires as described below and assigned at random to 
two small groups: a mirror-trained group and a non-mirror trained group. The participants were all 
diagnosed with disabilities, some of them had physical development deficits, and their actual cognitive 
development largely varied. Therefore, they were not paired by their chronological ages, but matched 
to their counterparts for their mental age, physical development (as close as possible), as well as their 
then-current repertoires.  
Participant M1 was a 3-year-10-months old female African American who functioned at early 
listener/pre-speaker levels of verbal behavior. According to the C-PIRK (Greer & McCorkle, 2009) 
and Verbal Behavior Assessment (Greer & Ross, 2008), which were conducted prior to the 
experiment, the following verbal developmental cusps and capabilities were not in her repertoire: 
pure mands, pure tacts, intraverbals, self-talk, say-do correspondence, and Naming. She received 
instruction devoted to maintaining eye contact, following teacher’s 1-step vocal directions, 
conditioning books and toys as reinforcers for observing, and mands for visible items. Her 
standardized test scores are shown in Table 13 and her verbal behavior achievement levels are 




Participant NM1 was a 3-year-old male African American who functioned at early 
listener/pre-speaker levels of verbal behavior. According to C-PIRK (Greer & McCorkle, 2009) and 
Verbal Behavior Assessment (Greer & Ross, 2008), which were conducted prior to the 
experiment, he was found to miss the following verbal developmental cusps and capabilities: 
pure mand, pure tacts, self-talk, say-do correspondence, and Naming. He was receiving 
instruction devoted to following teacher’s vocal directions, echoic to mands with single words, 
echoic to tacts with single words, conditioning books, toys, and blocks as reinforcers for play, 
preference and observing responses. He did not have physical stereotypical behaviors. His vocal 
stereotypy primarily consisted of the sound “eeee.” His standardized test scores are shown in 
Table 13 and his verbal behavior achievement levels are reported in Table 14. 
Participant M2 was a 4-year-2-months old Caucasian male who functioned at early 
listener/pre-speaker levels of verbal behavior. According to C-PIRK (Greer & McCorkle, 2009) and 
Verbal Behavior Assessment (Greer & Ross, 2008), pure mand, pure tacts, auditory matching, 
self-talk, say-do correspondence, and Naming were not present within his repertoire. His 
programs included procedures to teach him following teacher’s 1-step vocal direction, 
conditioning books and toys as reinforcers for observing responses and preference in free play, 
and to teach the use of mands for accessing visible items. He emitted repetitive hand flapping 
stereotypical behaviors in both instructional and free play settings. His standardized test scores 
are shown in Table 13 and his verbal behavior achievement levels are reported in Table 14. 
Participant NM2 was a 4-year-4-month old Caucasian male who functioned at early 
listener/pre-speaker levels of verbal behavior. According to C-PIRK (Greer & McCorkle, 2009) and 
Verbal Behavior Assessment (Greer & Ross, 2008), pure mand, pure tacts, auditory matching, 




programs included procedures for gestural mands, teaching vocal direction following, 
conditioning books and toys as reinforcers for observing responses ands preference in free play. 
His physical stereotypy behaviors mainly focused on his hand flapping and hand fisting. His 
standardized test scores are shown in Table 13 and his verbal behavior achievement levels are 
reported in Table 14. 
Participant M3 was a 4-year-old Hispanic male who functioned at early listener/pre-
speaker levels of verbal behavior. According to C-PIRK (Greer & McCorkle, 2009) and Verbal 
Behavior Assessment (Greer & Ross, 2008), generalized imitation, pure mand, pure tacts, 
auditory matching, self-talk, say-do correspondence, and Naming were not present within his 
repertoire at the time of the study. His instructional goals included to follow teacher’s simple 1-
step vocal directions, echoic to tacts with single words, conditioning books and toys as 
reinforcers for observing responses and preference in free play, and to teach the use of mands for 
accessing visible items. His vocal stereotypy primarily consisted the nonfunctional repetitive 
sound “mmmm”. His standardized test scores are shown in Table 13 and his verbal behavior 
achievement levels are reported in Table 14. 
Participant NM3 was a 3-year-3-month old Hispanic male who functioned at early 
listener/pre-speaker levels of verbal behavior. He did not have generalized imitation, pure mand, pure 
tacts, auditory matching, self-talk, say-do correspondence, and Naming present within his 
repertoire at the beginning of the study, according to C-PIRK (Greer & McCorkle, 2009) and 
Verbal Behavior Assessment (Greer & Ross, 2008). His programs included procedures to teach 
simple 1-step vocal direction following, echoic to tacts with single words, echoic to mands with 
single words, to condition books and toys as reinforcers for observing responses and preference 




not have any physical stereotypical behavior. He emitted vocal stereotypy with “mmmmm” 
sound, especially when he was reading books or playing with toys in an unstructured setting. His 
standardized test scores are shown in Table 13 and his verbal behavior achievement levels are 





The Standardized Test Scores for the Six Participants in the Mirror-Trained Group and Non-
Mirror Trained Group  
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Table 14  
Description of Six Participants in the Mirror-Trained Group and Non-Mirror Trained Group  
 
 Participants Age Gender Verbal behavior 
Level 





Teacher presence results in 
instructional control 
Visual instructional control 
Conditioned reinforcement for 3D 
objective/visual stimuli on 
desktop 




NM1 3y Male Early-listener 
Emergent-speaker 
Teacher presence results in 
instructional control 
Visual instructional control 
Conditioned reinforcement for 3D 
objective/visual stimuli on 
desktop 





Teacher presence results in 
instructional control 
Visual instructional control 
Conditioned reinforcement for 3D 
objective/visual stimuli on 
desktop 








Teacher presence results in 
instructional control 
Visual instructional control 
Conditioned reinforcement for 3D 
objective/visual stimuli on 
desktop 
Generalized matching 2D/3D 
M3 4y Male Early-listener 
Pre-speaker 
Teacher presence results in 
instructional control 
Visual instructional control 
Conditioned reinforcement for 3D 
objective/visual stimuli on 
desktop 









Teacher presence results in 
instructional control 
Visual instructional control 




 objective/visual stimuli on 
desktop 
Generalized matching 2D/3D 







 The study was conducted in the special cordoned area in the participants’ classrooms. All 
probe sessions as well as the instruction were presented in a one to one setting, while the other 
students in the classes received instruction in one to one or small group settings. 
Pre- and Post-Intervention Probes. During the pre- and post-intervention probes, the 
participant sat on a child-size chair facing the experimenter, while the experimenter sat on a 
smaller child-size chair to make sure that she was at the same or similar eye sight level of the 
young participant. They sat 0.5-1m away from each other. It was done to make sure they both 
had enough space to move their body parts freely and the experimenter could easily reach the 
participant in case he/she emitted any escaping behaviors.  
Training Sessions. For the mirror-trained group, the experimenter sat on a chair behind 
the participant (slightly to the side so that the participant was able to see both of them in the 
mirror) in front of a full-length one-sided flat mirror (55cm x150 cm). The mirror was placed 
securely on the floor against the wall during the instructional sessions. For the non-mirror trained 
group, the experimenter sat face to face with the participants to teach them imitation sets.  
Design 
A combined experimental-control group design with a nested time-lagged multiple probe 




effectiveness of the mirror instruction. The combination of two designs allowed the control for 
instructional histories and maturation both within groups and between groups.  
It is not a tradition to use group design in the field of behavior analysis, in which the 
majority of the research is conducted with single-subject analysis and focuses on the behaviors of 
the individual organism. Some argue that there are many limitations of group design, or even that 
they are seriously flawed (Skinner, 1938; Sidman, 1960) and it would be a tragedy to apply it in 
behavior analysis. However, the group design is a robust procedure that provides objective and 
reliable analysis of the data free of the expectation and bias from the researchers (Perone, 1999) 
especially when combined with experimental analyses of the individual. Crosbie (1999) also 
pointed out that the logic of the two data analysis methods were “virtually identical” as they both 
seek to find if there is significant difference between the two conditions (in single-case analysis, 
between the two conditions of baseline and treatment; and in group design, between 
experimental group and control group). In this particular case, the implementation of the group 
design allowed the comparison of the rate of learning between two intervention groups so that 
the effects of the mirror could be isolated from other confounding variables. Both single-case 
analysis and group design were implemented to analyze the results yielded by the mirror-trained 
group and non-mirror trained group participants. It should be noted that the “group” design was 
limited to a very small sample.  
Pair Procedure. Each participant in the mirror-trained group was matched with one 
participant in the non-mirrored trained group, who had the closest cognitive and physical 
development. The two participants in a matched pair received intervention simultaneously. In 
each matched pair, the participant in the mirror-trained group received intervention in a mirror, 




the help of a mirror. The second pair of participants did not start their intervention until the 
previous pair had completed the first post-intervention probes to control for learn units or 
instructional presentations. 
Design Sequence. The sequence of the experiment was as follows: 1) pre-experimental 
probes for GI for all participants to determine if they had GI in their repertoire,  2) imitation sets 
to the mirror-trained group participants and the non-mirror trained group participants with the 
same amount of instruction (the same number of learn unit),  3) once the participant from one 
group mastered 3 sets of imitation responses, instruction was ceased for both groups and the 
post-instructional probes was conducted for both,  4) reintroduction of instruction for both group 
participants if GI did not emerge for any of the participants, and 5) step 3 and 4 were repeated 
until GI was demonstrated with participant in one of the groups. A flowchart that summarizes the 




Figure 4. Procedure of the Probes and Training Sessions for the Mirror-Trained Group and Non-














The dependent variable in the second experiment was the number of correct imitative 
responses during the probe sessions. The 26 novel imitative responses were the same as the ones 
used in Experiment One. During each of the probe sessions, the experimenter faced the 
participant and demonstrated 26 untaught responses. None of the responses were consequated 
during probes. The criterion level for probe sessions was set at 90% accuracy or above for one 
session.   
It was originally planned to make the same training sets for everyone so that it would be 
easy to compare and conclude, but every participant had totally different repertoire at the time of 
the study and some of the participants had physical limitations, which made it impossible to 
carry out the initial plan. Therefore, each participant was taught different imitation sets based on 
his/her current-then repertoires and instructional history (see Table 15). In the mirror-trained 
group, Participant M1 was taught 12 sets of physical movements in total, and Participant M2 and 
M3 was each taught 9 sets each. In the non-mirror trained group, Participant NM1 was taught 5 
sets of physical movements, Participant NM2 was taught 3 sets, and Participant NM3 was taught 
6 sets. It is worth noting that although students from the same paired group received the same 
amount of instruction (number of learn units), it is largely possibly that they were taught totally 
different numbers of imitation sets. 
Table 15   
Sets of Physical Movements Taught to the Participants from the Mirror-Trained and Non-Mirror 
Trained Groups 
 
Participant  Set Target Responses Taught to the Participants 
M1 Set 1 Tap chin, touch hair, touch tummy 
 Set 2 Blow kiss, one hand tap leg, two arms up 
 Set 3 Point to nose, fly two arms, stomp feet 
 Set 4 One arm up, two hands tap cheeks, swim 




  Set 6 Roll arms, kick one leg, one hand same cheek 
 Set 7 Two hands wave, touch neck, touch floor 
 Set 8 Body swing from side to side, chicken wings (flap arms with 
knuckles under armpits), one hand cross cheek 
 Set 9 Two hands same toes, two hands cover mouth, two hands tap 
outside laps  
 Set 10  One hand touch same side toes, one arm stretch out at side, one 
hand behind neck 
 Set 11 One hand touch cross toes, clap overhead, hug self 
 Set 12 Two hand cross tap laps, tap forehead, one arms stretch in front 
M2 Set 1 Touch head, one hand tap same side lap, blow kiss 
 Set 2 Arms up, tap chin, touch tummy 
 Set 3 Point to sky, fly two arms, swim 
 Set 4 Pray, cover eyes, point to nose 
 Set 5 Touch neck, one hand wave, fold arms 
 Set 6 Two hands tap chest, one arm stretch out at side, two hands fold 
behind head 
 Set 7 Kick one leg, one hand behind neck, cross two index fingers  
 Set 8 Two hands cross cheeks, two hands same cheeks, cross hands 
overhead 
 Set 9 One hand open shut, clap overhead, touch floor 
M3 Set 1 One hand tap lap, fly two arms, stomp feet 
 Set 2 Cover mouth, one hand wave, chicken wings 
 Set 3 One arm up, pray, touch chin 
 Set 4 Swim, touch neck, pray 
 Set 5 Two hands fold behind head, point to sky, two hands tap laps 
 Set 6 Kick one leg, touch hair, two hands wave 
 Set 7 Roll arms, wiggle fingers in air, index finger on mouth 
 Set 8 Cover two eyes, two hands cross cheeks, two arms stretching out 
at side 
 Set 9 Two hands pretending glasses in front of eyes, two hands cover 
mouth, two hands tap outside laps 
NM1 Set 1 Touch head, one hand tap lap, two hands tap chest 
 Set 2 Point to sky, fly two arms, pray 
 Set 3 Cover two eyes, touch neck, swim 
 Set 4 One hand open-shut, touch floor, one hand touch cross cheek 
 Set 5 Cross legs, roll arms, tap forehead 
NM2 Set 1 Clap hands, one hand wave, stomp feet 
 Set 2 Point to nose, touch tummy, two arms up 
 Set 3 Roll arms, fly two arms, one hand tap lap 
NM3 Set 1 Tap head, touch chin, touch tummy 
 Set 2 Cover mouth, fly two arms, arms up 
 Set 3 One hand same cheek, fold arms, one hand tap lap 
 Set 4 Touch neck, chicken wings, pray over head 
 Set 5 Thumb up, two hands fold behind head, touch forehead 





 Data were collected using data collection forms and pens. During the probe sessions, the 
participants’ responses were recorded with different codes that represented different responses 
(Table 16) rather than simple pluses for correct and minuses for incorrect. In this experiment, 
mirrored responses (coded as number 1), non-mirrored responses (coded as number 2), and 
bilateral responses (coded as number 3) were still interpreted in the same numbers as in 
Experiment One. However, due to the observance of the young participants’ non-responsive 
behaviors during the probe sessions, number 5 was added to the coding category to discriminate 
the absence of responses from the non-related responses.  
Table 16  
Response Coding Categories for Experiment Two 
Coding Number  Participants’ Responses  
1 Mirrored responses 
2 Non-mirrored responses 
3 Bilateral responses 
4 Non-related responses 
5 No response 
 
During the instructional sessions, correct responses to the target responses were recorded 
with a plus (+), and incorrect responses were recorded with a minus (-). All the data were 
calculated and graphed at the end of the day.  
Procedure 
Habituation. Prior to the onset of the experiment, the researcher talked with the 
participants’ teachers and other service providers about the participants’ preferred edibles, toys, 
activities, songs, as well as things they did not prefer. The researcher arranged habituation 




sessions when the participants worked with their teachers, played with them during free play 
settings and delivered reinforcers for their appropriate behaviors. 
Pre and Post Training Generalized Imitation Probes. The pre-intervention probes 
were conducted prior to the instruction with all 6 participants to assess if they had GI in their 
repertoires. The post-intervention probes were conducted in the same manner as the pre-probes 
after mastery of every 3 sets of imitation responses.  In Pereira Delgado, Speckman, and Greer 
(2009) study, most of the 6 participants required more than 3 training sessions before GI 
emerged. Therefore, it was decided that before proceeding to be assessed in probe sessions again, 
participants should master 3 imitation sets. This was also to assure that the participants had 
minimum exposure to the novel actions in the probes.  
During the probe sessions, the researcher and the participant sat on the child-sized chairs, 
directly facing each other. The researcher obtained the participant’s attention by calling his/her 
name or showing him/her the pre-determined reinforcers decided from the instructional history. 
After having the participant’s attention, the researcher delivered the vocal antecedent “Do this” 
together with the model of the target action. In the current experiment, both mirrored and non-
mirrored responses were accepted as correct. An incorrect response was counted when the 
participant failed to demonstrate a response with one to one correspondence or did not respond at 
all within 3 seconds. During the probes, no reinforcement or corrections were delivered. That is, 
no matter whether a correct or incorrect response was observed, the researcher recorded the data 
and proceeded to the next action after 3 seconds.  
Intervention. During the intervention, 6 participants were separated into 2 groups and 3 




were placed in the non-mirror trained group. Each pair included one student from the mirror-
trained group, and one student from the non-mirror trained group (figure 5).  











Instructions were blocked into 20-learn unit sessions. Each participant was taught 3 
different actions in each single session. Before the intervention, the experimenter first conducted 
the screening test to make sure that the 3 operants to be taught were not in the participant’s 
repertoire. If the participant emitted a correct response to a target action the first time, that action 
was determined as existing in repertoire and therefore was removed from the teaching list.  A 
novel response was then used to replace the mastered action to teach the participant. Both 
mirrored and non-mirrored responses were accepted as correct during intervention for both 
groups. When the participant mastered the responses in a given set (90% or above accuracy 
across 2 consecutive sessions or 100% accuracy for one session), he/she was taught the next set 
of imitative responses until 3 sets (9 responses) were mastered. These 3 sets of imitative actions 












above accuracy across 2 consecutive sessions or 100% accuracy for one session). Following the 
mastery of three imitation sets and the rotation of all 9 movements, the post-intervention probe 
was conducted to determine if GI emerged. If the participant emitted 90% or above accuracy in 
the post-intervention probe, he/she was considered as acquiring the GI capability. If not, he/she 
was introduced to the next 3 imitation sets until GI emerged. 
Instructional trials that met the criterion for learn units (Albers & Greer, 1991; Greer, 
1994; Greer, 2002; Greer & Ross, 2008) were yoked in the matched pairs such that regardless of 
which training condition they were assigned to (i.e., mirrored or non-mirrored), each child 
received the same number of instructional trials (i.e., the same amount of instruction). The 
numbers of learn units were yoked for the purpose of comparing and determining which 
intervention was more effective. If a participant from the mirror-trained group mastered the 
imitation sets while the non-mirror trained participant did not achieve criterion, both participants 
were then probed on GI to see if untaught responses emerged, or vice versa. 
Mirror Trained Group. During the instructional sessions, the experimenter and the 
participant from the mirror-trained group sat side by side in front of a mirror so that they both 
could see one another as well as themselves from the mirror. Before the session began, each 
participant was allowed 1-2 min to adapt to the setting. The experimenter then called the 
participant’s name to get his/her attention and directed him/her to look at the mirror by pointing 
to the mirror and giving a vocal prompt such as, “Look, look who is in the mirror.” For children 
who were not easily directed, the experimenter made silly sounds and humorous faces to attract 
their attention or showed some shining toys to them in the mirror, such as flashlight and spinning 
globe with lights. As soon as the child looked at the mirror, the toy was immediately put away. If 




was immediately redirected to turn back and look at the mirror only. If the child refused to 
follow the directions and kept turning around, the experimenter stopped making the silly sounds  
and put the toys away until the child looked back at the mirror again.  
The experimenter then modeled the target response with the vocal antecedent, “Do this.” 
She demonstrated each movement for about 2-3 seconds so that the participant had an 
opportunity to emit the action and observe the match between his/her own responses and the 
presented model. A correct response was recorded when the participant emitted the responses 
with point-to-point correspondence with the experimenter within 3 seconds. The experimenter 
then reinforced the participant by giving vocal praises (e.g “Wow, you did it!”, “Fantastic job 
(name)!”), a gentle physical touch (on the participant’s hair or back), or some other known 
reinforcers determined from previous instructional sessions. An incorrect response occurred 
when the participant did not emit the response with point-to-point correspondence or did not emit 
any responses within 3 seconds. A correction was delivered contingent upon the incorrect 
responses, which involved the experimenter repeating the vocal antecedent “Do this,” modeling 
the target responses again and delivering the least-to-most physical prompt to assist the 
participant to complete the response. No reinforcement was given after the correction procedure. 
It is important to note that the all the responses modeled by the experimenter could only be seen 
by the participant in the mirror, but in no other way. For example, hand clapping was modeled 
above the child’s head or by the side of the child’s head so that he/she had to look at the mirror 
to observe the response.  
Non-Mirror Trained Group. At the same time when the participants in the mirror-trained 
group were receiving intervention, the non-mirror trained group was taught imitation sets 




researcher and imitate the modeled actions. The experimenter also demonstrated each action for 
2-3 seconds to make it consistent with the procedure used in the mirror-trained group. Correct 
responses occurred when the participant responded with the one to one correspondence to the 
target actions within 3 seconds. Incorrect responses were recorded when the participant failed to 
imitate the target responses or had no responses at all within 3 seconds. Criterion level was also 
set as 90% accuracy or above across 2 consecutive sessions or 100% accuracy for one session.  
Interobserver Agreement 
 Interobserver agreement (IOA) was collected during pre-intervention probes, 
instructional sessions, and post-intervention probes for all 6 participants in both mirror trained 
and non-mirror trained group.  
 Dependent Variable IOA. During the initial probe and the post-probe following the 
mastery of every 3 sets of imitative responses, IOA was collected in two ways. Part of the IOA 
was conducted by having a second observer, who was present in the same room, collecting data 
on the participants’ responses at the same time with the experimenter. All IOA collectors were 
trained by the researcher in advance of the experiment and all achieved 100% agreement scores 
in at least 2 consecutive sessions with the researcher. For other sessions when the second 
observer was not available, the training was recorded by using a Sony DCR-SX40 digital camera 
recorder and IOA was obtained by having the trained observer review the videotapes and record 
correct and incorrect responses on the data collection sheets. The researcher then compared the 
results with the data collected by the experimenter. IOA was calculated by dividing the number 
of agreements into the number of point-to-point agreements plus disagreements and multiplying 
the answer by 100 to obtain a percentage of agreement. Although the coding system was divided 




number 5 represented passivity), in the analysis of data and discussion number 4 and 5 were not 
discriminated, but were both considered as undesired responses. Therefore, coding number 4 and 
5 were treated as equal in the calculation of IOA. For Participant M1, IOA was conducted for 
100% of (6 out of 6) of total probe sessions with a 100% agreement. For Participant M2, IOA 
was conducted for 83.3% of (5 out of 6) of total probe sessions with a 100% agreement. For 
Participant M3, IOA was conducted for 100% of (6 out of 6) of total probe sessions with a 100% 
agreement. IOA conducted with Participant NM1 was obtained for 100% of the total probe 
sessions (6 out of 6) with 100% agreement. IOA conducted with Participant NM2 was obtained 
for 100% of the total probe sessions (6 out of 6) with 100% agreement. IOA conducted with 
Participant NM3 was obtained for 100% of the total probe sessions (6 out of 6) with 100% 
agreement. 
Independent Variable IOA. During training sessions, IOA was collected by the 
supervisors, using the Teacher Performance Rate and Accuracy Scale (TPRA) (Greer, 2002; 
Greer, McCorkle, & Williams, 1989; Ingham & Greer, 1992). IOA was obtained for 39.5 % (139 
out of 352) of the total learn unit sessions for all participants. For Participant M1, IOA was 
conducted for 55.3 % of (52 out of 94) of total learn unit sessions with a 99% agreement 
(ranging from 90% to 100%). For Participant M2, IOA was conducted for 17.8 % of (8 out of 
45) of total learn unit sessions with a 100% agreement. For Participant M3, IOA was conducted 
for 29.7% of (11 out of 37) of total learn unit sessions with a 100% agreement. IOA conducted 
with Participant NM1 was obtained for 41.5 % of the total learn unit sessions (39 out of 94) with 
99 % agreement (ranging from 90% to 100%). IOA conducted with Participant NM2 was 




conducted with Participant NM3 was obtained for 40.5% of the total learn unit sessions (15 out 
of 37) with 100% agreement. 
Table 17 
Number of Sessions and Mean Percentage of IOA Collected on Each Participant during Probes 
and Instructional Sessions 
 
 Pre- and Post-Intervention Probes Instructional Sessions 
 sessions Mean IOA sessions Mean IOA 
Participant M1 100% 100% 55.3% 99% 
Participant M2 83.3% 100% 17.8% 100% 
Participant M3 100% 100% 29.7% 100% 
Participant NM1 100% 100% 41.5% 99% 
Participant NM2 100% 100% 31.1% 100% 
Participant NM3 100% 100% 40.5% 100% 
 
Results 
Probe and Instructional Sessions 
During the pre-intervention probe, Participant M1 emitted 1 correct response. During the 
intensive imitation training sessions, it took her 8 sessions to meet on Set 1, 11 sessions to meet 
on Set 2, 3 sessions to meet on Set 3, and another 2 sessions to meet on the rotation of all 9 
actions (Table 9). In sum, it took her 24 sessions to master the first 3 imitation sets. In the first 
post-intervention probe, Participant M1 emitted 5 correct responses to the 26 novel actions. She 
was then presented with 10, 4, 4, and 2 instructional sessions, respectively, in order to meet 
criteria on Set 4, 5, 6, and the rotation of all 9 actions. Her correct responses increased to 13 in 
her second post intervention probe. In the next three sets, she acquired the target actions within 
6, 8, 11, and 2 sessions, respectively. Her correct responses increased to 16 in the following post 
probe.  She was then introduced to the next 3 imitation sets and she met criteria within 7, 9, 5, 
and 2 sessions. She imitated 24, and 24 novel responses correctly in the two fourth post-




the probe sessions, Participant M1 received 2 consecutive post-probe sessions. This was done so 
to make it consistent with the other participants who received 2 consecutive last post-probe 
sessions before GI emerged. In total, Participant M1 was taught 12 different instructional sets 
(see Table 18) to criterion in the mirror and the data showed a nice ascending trend across probe 
sessions in the number of correct responses for GI (Figure 6).  
Participant NM1 emitted 0 correct responses during the pre-intervention probe. He was 
taught 24 sessions (the same amount of instructional trials as his counterpart Participant M1) 
without achieving any criterion before he was assessed in the probe again. His number of correct 
responses increased to 2 in his first post-intervention probe. He was re-introduced to instruction 
after the probe and he mastered Set 2 within 5 sessions. He was then taught another 15 sessions 
with the implementation of some research based tactics on the next three operants and he met 
criterion on it. In the second post-intervention probe, he emitted 1 correct response. He was then 
reintroduced to the next imitation set with the presentation of 27 sessions with no criterion 
mastered. In the third post-intervention probe, his correct responses slightly increased to 3. He 
received another 23 sessions on training sets but did not meet any criterion. He was probed again 
and he emitted 4 and 4 out of 26 actions in the 2 sessions of fourth post probe. The two 
consecutive sessions of the last post probes were used to match his counterparts in mirror-trained 
group. 
During the first pre-intervention probe, Participant M2 responded correctly to 6 out of 26 
novel actions, and he emitted 3 correct responses in his second pre-intervention probe. After 
receiving 3, 2, 2, and 2 instructional sessions, he mastered Set 1, 2, 3, and the rotation of all 9 
actions, respectively. In his first post-intervention probe, the number of correct responses he 




criteria in the next 3 sets with the rotation of 9 actions. He was assessed then in his second post-
intervention probe and he imitated 20 responses correctly. He mastered Set 7, 8, and 9 with the 
presentation of 5, 6, and 3 sessions of 20 learn unit sessions and required 2 sessions to meet on 
the rotation of all 9 movements. He was then assessed in the third post-intervention probe, in 
which he emitted 23 correct responses (88% accuracy). As 88% was so close to criterion level, 
another post probe session was conducted to make sure that GI emerged and he scored 24 out of 
the 26 responses (92% accuracy).  In total, he was taught 9 different imitation sets (see Table 18) 
to criterion in the mirror and the data show a ascending trend across probe sessions in the 
number of correct responses for GI (Figure 6). 
For Participant NM2, he did not emit any correct responses to the 26 responses in his two 
pre-intervention probes. He was presented with 9 instructional sessions (the exact same amount 
of instruction Participant M2 required to meet on his first 3 sets). Although his correct responses 
to the target actions increased during the training sessions, he did not meet any criterion on the 
imitation sets. He was then assessed in the first post-intervention probe, in which he emitted 0 
correct responses. He was then re-introduced to the next imitation set and received 20 
instructional sessions on it without achieving any criterion. Participant NM2 emitted 0 correct 
responses in the second post-intervention probe. He received another 16 sessions on training sets 
but did not master any criterion. In the third post-intervention probes, he did not emit any correct 
responses to the 26 responses. The 2 sessions of the last post probes were used to match his 
counterparts in mirror-trained group. 
Participant M3 emitted 1 correct response in his first pre-intervention probe and 0 in his 
second pre-intervention probe. After receiving the instruction through a mirror for 3 sessions, he 




Set 2, Set 3, and the rotation of all 9 actions from all three sets. Participant M3 correctly imitated 
16 novel responses during the first post-intervention probe. Participant M3 was introduced to the 
next three sets of imitative actions, and he required 3, 2, 4, and 2 sessions to meet on Set 4, 5, 6, 
and the rotation of all 9 actions. He emitted 19 out of 26 correct responses in the second post-
intervention probe. He mastered Set 7, 8, and 9 with the presentation of 2, 6, and 2 sessions of 20 
learn unit sessions and required 2 sessions to meet on the rotation of all 9 operants.  He was then 
assessed in the third post-intervention probe, in which he emitted 23 correct responses, which 
was 88% accuracy. Another post probe session was conducted to make sure that he had GI in 
repertoire and he scored 24 out of the 26 responses (92% accuracy).  In total, Participant M3 was 
taught 9 different training sets (see Table 18) to criterion in the mirror and showed a quick 
ascending trend across probe sessions in the number of correct responses for GI (Figure 6). 
Participant NM3 emitted 1 and 0 correct responses in his two pre-intervention probes. It 
took him 4, 3, 5, and 2 sessions to meet on Set 1, 2, 3, and the rotation of all 9 actions. His 
number of correct responses increased to 8 in his first post-intervention probe. After post 
intervention probe 1, he mastered Set 4 within 3 sessions. However, he had some difficulty with 
the target responses from Set 5 and did not meet criterion on it after all.  In total, he was 
delivered 11 sessions of instruction (the same amount as needed by Participant M3 to meet on his 
Set 4 to Set 6) with mastery of 1 imitation set. His correct responses slightly increased from 8 to 
9 in his second post-intervention probe. He was then re-introduced to the next imitation set and 
received 12 instructional sessions on it without achieving any criterion. Participant NM3 emitted 
10, and 11 correct responses in the two sessions of third post-intervention probe. The 2 sessions 
of the last post probes were again used to match his counterparts in mirror-trained group. 




moderate ascending trend across probe sessions in the number of correct responses for GI 
(Figure 6). 
Table 18 
 Number of 20-Learn-Unit Instructional Sessions Required to Meet on Imitation Sets for All 
Participants  
 
 M1 NM1 M2 NM2 M3 NM3 
Set1 8 24* 3 9* 3 4 
Set 2 11  2  3 3 
Set 3 3  2  6 5 
Rotation 2  2  2 2 
Set 4 10 5 6 20* 3 3 
Set 5 4 15 9  2 8* 
Set 6 4  3  4  
Rotation 2  2  2  
Set 7 6 27* 5 16* 2 6 
Set 8 8  6  6 6* 
Set 9 11  3  2  
Rotation 2  2  2   
Set 10 7 23*     
Set 11 9      
Set 12 5      
Rotation 2      
Total 94 94 45 45 37 37 






Figure 6. The Number of Correct Responses Emitted by the 3 Participants in Mirror-Trained 



































Figure 7. The Number of Correct Responses Emitted by the 3 Participants in Non-Mirror 
Trained Group (NM1, NM2, NM3) Pre and Post Mastery of Each of the 3 Instructional Sets. 





























Instructional Gains in Two Intervention Groups  
Figures 8, 9, and 10 illustrate the training results for each of the pairs for the two 
conditions: M1-NM1; M2-NM2, and M3-NM3 with the presentation of the same amount of learn 
units. It is apparent that the participants (M1, M2 and M3) acquired the untaught novel actions 
from the probe sessions at a much faster rate than their counterparts (NM1, NM2, and NM3). In 
Pair 1, M1’s correct responses in the probe sessions gradually increased from 1 to 5, 13, 16, 24 
and 24 in her 5 post probes, while NM1, who was taught without a mirror, did not show 
significant improvement. His correct responses to the novel responses increased slightly from 0 
to 2, 1, 3, 4, and 4 (Figure 8). Pair 2 demonstrated the most drastic compare among the three 
pairs (Figure 9). Participant M2’s correct responses improved from 6, and 3 from the pre-
intervention probes to 19, 20, 23, and 24 in the post-intervention probes, while NM2’s 
responding did not increase at all after receiving the exact same amount of instruction. Pair 3 
showed that the two participants from the two intervention groups both increased their correct 
responses in the post-intervention probes (Figure 10), but at a dramatically different rate. M3, 
who received the training in a mirror, increased his correct responses from 1, and 0 in the pre-
intervention probes to 16, 19, 23, and 24 in the post-interventions probes respectively, while 
NM3, who was taught face to face with the experimenter, improved his correct responding from 




Figure 8. The Number of Correct Responses Emitted by the Participants In Paired Group 1 (M1, 
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Figure 9. The Number of Correct Responses Emitted by the Participants in Paired Group 2 (M2, 
























Figure 10. The Number of Correct Responses Emitted by the Participants in Paired Group 3 























Figure 11 demonstrated the increase of correct responses in the probe sessions emitted by 
the participants from two intervention groups. It is apparent that the mirror-trained group had 
more significant educational gains from their intervention than the non-mirror trained groups. 
Figure 11. The Increase in Correct Responses Emitted from Pre- Intervention Probes to Post- 
Intervention Probes for Mirror-Trained Group and Non-Mirror Trained Group. 
 
Research-Based Tactics  
The participants from the mirror-trained group acquired all target responses with the 
presentation of learn units (Figure 12). Not only did the participants from the non-mirror trained 
group need more instructional trials to meet criteria during the training sessions, but also they 
commonly required various types of research-based tactics to master the training sets (Figure 
13), such as zero second time delay (Shuster, Gast, Wolery, & Guiltinan, 1988; Terrace, 1963; 
Touchette & Howard, 1984), graduated physical guidance (Hourcade, 1988), and response block 
(Lerman, Kelley, Vorndran, & Van Camp, 2003). The following are some research-based tactics 
implemented in the instruction for the non-mirror trained group. 
Participant NM1 had some difficulty meeting criterion in 1 out of the 3 operants in Set 1 









































tapping his laps. Therefore, a research-based tactic response block was implemented to help him 
learn the action one hand tapping lap. Immediately after modeling the action, the researcher held 
one of the participant’s two hands down to block him from responding. However, it was not very 
effective in terms of teaching him to use one hand to respond. After 5 data paths with no trend, 
another decision opportunity appeared and it was decided to increase the opportunities for the 
response one hand tapping lap with response block. However, at this time participant NM1 
responded to “one hand tapping” by emitting the other two actions that he was able to imitate. 
This was conducted for two sessions until he received the same amount of learn units with his 
counterpart and the instruction was ceased and he was assessed in the post-intervention probe. 
 For Participant NM2, he emitted low correct responses with all 3 target actions during 
the instructional sessions in Set 2. Thus, zero second time delay was implemented for 2 
consecutive sessions to physically guide him through the desired action to induce errorless 
learning. However, the participant still did not acquire much from it as his correct responses 
remained low and unstable during the later one-second time delay session. Therefore, it was 
decided to decrease the number of target actions so that each action had more opportunity to be 
learned.  
Participant NM3 demonstrated difficulty with the response that required him to use two 
hands touch cross cheeks. After observing the researcher modeled the action, he used two hands 
to touch same side cheeks and he did not learn from the normal correction procedure. After 5 
data paths with no trend, the tactic zero second time delay was employed to help him respond. 
But it was only conducted for one session before the number of learn units reached the same 




Figure 12. The Number of Correct Responses Emitted by 3 Participants in Mirror-Trained Group 
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Figure 13. The Number of Correct Responses Emitted by 3 Participants in Non-Mirror Trained 
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Number of Criteria Met during Training 
 In Pair 1, Participant M1 mastered a total of 12 criteria (Figure 13) during her training 
sessions prior to the emergence of GI, while Participant NM1 mastered 2 criteria (Figure 13) 
with the presentation of the same amount of learn units. In Pair 2, Participant M2 mastered a 
total of 9 criteria (Figure 13) during his training sessions prior to the emergence of GI, while 
Participant NM2 did not meet any criteria (Figure 13) with the delivery of the same amount of 
learn units. In Pair 3, Participant M3 mastered a total of 9 criteria (Figure 13) during his training 
sessions before GI emerged, while Participant NM3 mastered 4 criteria (Figure 13) with the 
presentation of the same amount of learn units. In total, the mirror-trained group mastered 30 
criteria (M1 has 12, M2, and M3 had 9 each), and the non-mirror trained group mastered 6 
criteria in total (NM1 had 2, NM2 had 0, and NM3 achieved 4).  
Figure 14. Number of Criteria Achieved during Training Sessions for Participants from Mirror-















Number of Mastered Gestural Movements during Training 
 Although some participants from non-mirror trained group did not master all 3 actions in 
one objective, they did acquire part of the objective with the presentation of learn units and some 
research-based tactics. Therefore, the number of target actions mastered during the training 
sessions was also calculated and presented to better compare the results from the two groups (as 
see in Figure 15). In Pair 1, Participant M1 mastered 36 different gestural movements, and 
Participant NM1 mastered 10 target responses during the intervention. In Pair 2, Participant M2 
mastered 27 different gestural movements, and Participant NM2 mastered 0 target responses 
during the intervention. In Pair 3, Participant M3 mastered 27 different gestural movements, and 
Participant NM3 mastered 12 target responses during the intervention.  
Figure 15. Number of Target Actions Mastered during Training Sessions for Participants from 
Mirror-Trained Group and Non-Mirror Trained Group. 
 
 
Number of Learn Units to Criteria during Training 
 In Pair 1, Participant M1’s number of learn units to criteria was 160, 133, 180, and 153 
(Table 19) in instructional sessions prior to post intervention probe 1, 2, 3, and 4, respectively, 














19) respectively. In Pair 2, Participant M2’s number of learn units to criteria was 60, 133, and 
107 (Table 19), while Participant NM2’s number of learn units to criteria was in 180+, 400+, and 
320+ in instructional sessions prior to post intervention probe 1, 2, and 3, respectively (Table 
19). In Pair 3, Participant M3’s number of learn units to criteria was 93, 73, and 80 during 
instructional sessions prior to post intervention probe 1, 2, and 3, respectively (Table 19), while 
Participant NM3’s number of learn units to criteria was 93, 220, and 240 respectively (Table 19). 
Table 19 
 
Number of Learn Units to Criteria during Training Sessions for all Participants 
Learn units to 
Criteria during 
instruction prior to  
M1 NM1 M2 NM2 M3 NM3 
Post Probe 1 160 480+ 60 180+ 93 93 
Post Probe 2 133 200 133 400+ 73 220 
Post Probe 3 180 540+ 107 320+ 80 240 
Post Probe 4 153 460+     
Total 157 940 100 900+ 82 185 
Note. + designates that the participant did not meet any criteria in the session. 
Ipsilateral versus Contralateral Responses 
It was not uncommon for the experimenter to find that the young participants confined 
their actions to the same body sides instead of touching the cross side body parts. For example, 
when presented with model movement “left hand cross knee,” participants tended to respond by 
using their left hand touching their left knee instead of their right knee.   
Figure 16 showed the comparison between the two intervention groups in their emission 
of unimanual ipsilateral, bimanual ipsilateral, unimanual contralateral, and bimanual 
contralateral responses in the pre- and post- instructional probe sessions. A dramatic increase 
was noted in the mirror-trained group’s unimanual ipsilateral, and bimanual ipsilateral responses 
immediately after being taught in the mirror. The participants’ unimanual contralateral responses 




However, the mirror-trained group found the bimanual contralateral responses most difficult, as 
these were the only category that had less than half accuracy when the participants mastered GI.  
A quick increase in unimanual ipsilateral responses was also observed in the non-mirror 
trained group participants right after the introduction of the instruction sessions. However, since 
then the increasing trend reached a plateau, if not regression, in the later sessions. It is worth 
noting that the non-mirror trained group benefitted from their instruction in their bimanual 
ipsilateral imitation responses, which showed a slow, but steady increase tread and reached its 
highest level of 40% accuracy in the third post instructional probe session. Like their 
counterparts, bimanual contralateral responses were also considered as the most challenging 
actions by the non-mirror trained group. None of them emitted any correct responses in imitating 





Figure 16. Percentage of All Ipsilateral vs Contralateral Responses between Mirror-Group and 



















 Summary of Results 
The current study controlled the amount of instruction by yoking the number of learn 
units presented to each matched pairs. As evident in the reported data above, I found that: 
1.  There was a significant group difference in overall GI acquisition.  
2. GI was induced with all three mirror-trained participants while still being absent in 
the non-mirror trained group  
3. Mirror-trained group participants achieved significantly more objectives (30 
objectives in total) in imitation sets with dramatically fewer learn units required than 
their controls (6 criteria in total).  
4. Contralateral responses were relatively more difficult than ipsilateral responses for 
the young participants to master, especially the two-hand cross body mid-line 
responses.  
Discussion 
 The research question for this experiment was: 1) to induce GI capability in children with 
autism in a mirror, and 2) to isolate the effect of mirror from the increased presentation of 
instruction.  The results reported here showed that: 1) GI emerged in all three participants in the 
mirror-trained group, and 2) participants in the control group who received the same amount of 
instruction did not demonstrate acquisition of GI. Therefore, the role of the mirror was isolated 
from other confounding factors and conclusion can be drawn that it was the mirror that 
facilitated imitation learning and GI acquisition.  
Magic Mirror 
The “magic” of the mirror in the imitation training can be argued as having a completed 




A Complete Learning Picture: Model and Self. As imitation requires a comparison of 
one’s own behavior with that of the others, the imitator needs to see both himself/herself and the 
model at the same time to tell if the response is the same or different from the presented model. 
However, for the non-mirror trained group, the participant sat on a chair facing the model. This 
traditional method of imitation instruction can only provide half of the “learning picture” to the 
imitator. Without the connection between the own response and the model, the child can only 
kinesthetically feel or guess the response during imitation. The unique reflective feature of 
mirror enables the child to see not only the model but also himself/herself in the mirror, therefore 
the “learning picture” is intact and thus, “what the response feels like” (kinesthetically) are 
connected with “what the response looks like” (visually) (Mitchelle, 1992; 1993). 
This point can be best seen in addressing both groups’ difficulties with two hand 
responses.  In observance of the difficulties that each individual was going through with the 
contralateral responses, the researcher analyzed the potential problem in the learn unit context 
and added some novel cross body responses in the instructional sessions for both mirror-trained 
group and non-mirrored trained group. The mirror-trained group received immediate visual 
feedback from the mirror and mastered those responses in the training sessions, and as a result 
improved their performance in the following post training probe sessions. Some may argue this 
may support the match training account. However, the non-mirrored trained group participants 
had difficulty completing the bimanual movements with the presentation of learn units facing the 
model during instruction and did not benefit from those similar topographical responses, which 
rejected this hypothesis.  
Immediate Visual Feedback. For participants in the mirror-trained group, a model 




dynamic differences between the own body movement and the model immediately in the mirror 
(see) and adjusts it until the two look the same (do). Even if an incorrect response was emitted, 
the teacher was able to prompt the child to look at the mirror, which provides immediate visual 
feedback for the student to visually tell (see) the difference and correct the responses (do). 
During non-mirror trained group, the teacher presented the model response and gave 2-3 seconds 
for the child to respond. If the child successfully imitated within 2-3 seconds, it was counted as a 
correct imitative response. If not, a correction was delivered and the antecedent was re-presented 
and another few seconds were provided for the child to respond or a physical prompt was used to 
complete an imitative response. Therefore, the much longer latency between the model and 
response made it relatively harder for the participant to learn from correction and establish the 
see-do correspondence. 
Ipsilateral Responses vs. Contralateral Responses 
Compared with ipsilateral responses, contralateral responses are much more difficult to 
learn for the 3-4 year old participants. Almost all of the participants demonstrated the difficulty 
in actions that need to cross from one side of the body to the other in their probe sessions when 
they were required to imitate the model responses. In fact, they tended to respond to the 
movements that cross the body by confining their actions to the same body side.  
Erjavec and Horne (2008) reported similar results in their study, in which both 2-year-old 
and 3-year-old participants responded with this contralateral bias, but the errors were found to be 
decreased with age.  This crosslateral inhibition effect (CIE) was first introduced by Kephart 
(1971) and has been well documented in the prior literature (e.g. Bekkering et al, 2000; 
Schofield, 1976; Erjavec & Horne, 2008). Other researchers also found that this difficulty to 




special needs, to overcome the midline inhibition effect could be much more difficult and 
challenging (e.g. Benton, 1959; Gordon, 1923).  
Goal theorists attempted to explain the CIE effect by attributing it to children’s limited 
cognitive development (Bekkering et al, 2000). They argued that children tend to recognize the 
major goal when presented with a modeled action. Take “left hand cross knee” for example, 
children are likely to achieve the main goal of touching the knee while neglecting the minor goal 
of using the contralateral hand movement. However, this theory could not explain why one hand 
contralateral responses were relatively easier than two hand responses and fewer errors were 
made when the participants used one hand to emit any cross body midline actions.  
I argue that more difficulty that the participants experienced were due to the indistinct 
learning picture of model and self. Contralateral responses require the model to use one body 
part (usually hand or arm) to go across the body and touch another body part at the other end of 
the body. In doing so, part of the hand or arm overlaps with the body, in which causes possible 
potential confusions for the imitator. Therefore, see-do correspondence is relatively difficult to 
be established as a result of the vague learning picture.  
Hand Bias 
 It was not surprising to find that the young participants emitted more right-hand 
responses than left-hand responses, which is consistent with the right-handedness prevalence in 
the general human population. This finding echoed the results that I reported in my first 
experiment, as well as some of the previous studies (Bekkering et al, 2000; Erjavec & Horne, 
2008). However, the young participants in the current experiment were more responsive and 
accurate when the model actions were presented by the right-hand, while in the first experiment 




It was also observed that the some participants tended to use two hands to respond to one-
hand responses. However, this bilateral bias was not found in a converse way. For example, 
Participant NM1 emitted the error pattern to the action “one hand tap lap” by using both his 
hands tapping his lap. He continued doing so even though corrections were provided every time 
contingent on his responses. A response block had to be implemented to teach him to use one 
hand to respond to the single hand responses. This could be partly due to the instructional history 
that typical nursery rhymes usually require kids to respond with both hands, such as touching 
head, shoulders, knees, and toes. The other more important reason may lie in the fact that the 
participant was not able to observe himself and the instructor at the same time. This finding is 
also consistent with what Erjavec and Horne (2008) reported in their study with the 2 and 3 years 
old.  
Physical Development and Generalized Imitation 
 In the current experiment, the 6 participants were paired in 3 dyads based on their mental 
age, physical development, and then-current developmental cups and capabilities. In all three 
groups, children from the mirror-trained group increased their correct responses to the novel 
untaught and unreinforced imitative gestural movements significantly faster than children from 
the non-mirror trained group. However, the three training pairs did not progress with the same 
speed. Among the 3 training pairs, Pair 1 had the lowest test scores in gross motor, Pair 2 had 
medium scores, and Pair 3 had the highest test scores. That is, the physical development was the 
most limited in Pair 1. Accordingly, it took M1 more instructional sessions (94) to have GI 
induced than M2 (45 sessions) and M3 (37 sessions). That is, more gestural movements were 
taught during the training sessions before GI emerged for M1. Additionally, it also took M1 




number of learn units were taught to Pair 2 before acquisition of GI and the fewest number of 
learn units were devoted to teach M3 imitation sets before he demonstrate acquisition of GI in 
Pair 3. Therefore, there might be some correlation between children’s physical development and 
their imitation of gestural movements. Again, as we know, this postulation may not be directly 
generalized to other topographies, such as object imitation, imitation of vocal verbal operants, 
and so on.  
In the current experiment, significantly more number of learn units were devoted to 
teaching the 3 participants in the mirror-trained group before GI was induced (12, 9, and 9 
sessions, respectively) than the 6 participants in Pereira Delgado, Speckman, Greer’s (2009) 
study. It could be due to the different probe lists that were used in the two studies. The probe list 
in the current study contained more target responses, a higher criterion level and more 
contralateral responses. Besides, different gross motor skills in physical development could also 
be an affecting factor. Unfortunately, the motor skill scores were not reported in Pereira Delgado 




Figure 17. Number of 20-Learn-Unit Training Sessions Completed by Three Pairs 
 
Limitation 
One of the most notable limitations in the current experiment was that the participants 
were taught 3 operants in each session during the training sessions.  This directly led to uneven 
number of learn units assigned to each operant in the 20 learn-unit instructional sessions (6, 7, 
and 7). That is, there was always one response in the session that received one less learn unit 
than the other two. To minimize the negative effect of this, the experimenter presented the three 
movements in a rolling system. Therefore, when the participant needed more than 3 sessions (60 
learn units) to meet on one objective, this undesired influence could be minimized or eliminated 
as each response was presented 20 times. But it became a problem when the participant needed 
4, 5, or 7 sessions to meet criteria or the instruction was carried out by different experimenters. It 
is recommended that in future studies, the number of target responses could be set at a number 
that can be divided into 20 so that every response will have the same opportunity to be presented 



























Major Findings  
Despite numerous experiments, the induction of GI has not been successful when a 
stringent criterion was used as the test (Horne & Erjavec, 2007; Erjavec & Horne, 2008; Erjavec, 
Lovett, & Horne, 2009). One of the most thought-provoking aspects of teaching imitation in a 
mirror is the association between seeing and doing. Standard imitation training is unable to 
provide this essential connection, and therefore, has been unsuccessful in inducing GI. 
Hurley and Chater (2005) suggested that the understanding of imitation required some 
solution of the correspondence problem. They argued that it is extremely difficult when the 
observer imitates any facial movements because of the unavailability of the direct visual 
presentation of their own facial expressions. Actually, the use of a mirror solves this problem 
immediately.  By sitting in front of the mirror side by side, the observer can share the same 
visual perspective and learning picture as the model. While this seems like an obvious solution, 
prior to the Pereira Delgado et al. study (2009) the procedure had not been employed to teach 
children imitation. However, the test in Pereira Delgado et al. study was not stringent enough to 
clearly affirm the induction of true imitation. The current studies have provided the stringent test 
as well as clarifying the role of the mirror in imitation instruction. The data reported here suggest 
that implementation of the mirror in the imitation instruction facilitated learning for children 
diagnosed with autism (dramatically lower number of learn units to criterion) and led to 
successful emergence of “true imitation” (GI). It advances our understanding of the crucial role 
the mirror plays in assisting children with autism in acquiring the GI capability. Researchers 




body movements (Abravanel et al., 1976). Earlier research also revealed a strong correlation 
between the children’s age at the time of the studies and their physical movements as well as 
imitation with objects. In addition, results from Stone, et al (1997) study suggest that one-step 
gestural imitation in children with autism could be best described as “delayed” rather than 
“disordered.” Taken together, these findings suggest that young age might account for the failure 
to induce generalized imitation in the children from Horne and Erjavec’s studies (Erjavec, 2002; 
Horne & Erjavec, 2007; Erjavec & Horne, 2008; Erjavec, Lovett, & Horne, 2009). Although the 
participants’ chronological age ranged from 3 to 4 years old in the experiment reported herein, 
their cognitive developmental age was from 10-months to 16-months, which is quite similar to 
the participants in Erjavec and Horne’s studies. The findings here were in line with Pereira 
Delgado et al. (2009) in that the use of a mirror facilitated young children’s mastery of imitation 
sets and induced the GI capability. 
Differences in What is Reinforced in the Two Procedures: Behaviors Versus 
Correspondence between Seeing and Doing  
One explanation for the differences between the two procedures concerns the differences 
in what is reinforced. That is, in the non-mirror training procedure the children are reinforced for 
particular behaviors. However, in the mirror-training procedure what is actually reinforced is the 
correspondence between seeing and doing or identity matching. While possibility exists for a 
scheduled effect, if this were the case after fixed reinforcement in training, with no schedule 
thinning, the participant emitted more than 20 consecutive correct responses without prosthetic 
reinforcement. The mirror-training procedure increases the likelihood that the child will produce 
correspondence between what is seen and what they do rather then particular behaviors that are 





Perspective-Taking and Imitation 
 Although there is no doubt that typically developing adults have perspective-taking in 
their repertoire, the data collected from the 128 adult participants in Experiment One revealed 
that adults did not typically emit non-mirrored responses. Hence they did not demonstrate 
perspective-taking while they fulfilled the imitation tasks. Rather, they tended to mirror the 
researcher’s responses, especially the females. These results suggest that the discrimination 
between left and right orientation does not need to be counted as a required component during 
imitation. The educational implication of this finding is that both mirrored and non-mirrored 
responses can be accepted as correct in teaching children with disabilities imitation. This allows 
the educators to focus on teaching imitation to children with disabilities gestural movements per 
se first and target perspective-taking later as a separate skill.  
Ipsilateral versus Contralateral Responses in Adults and Children 
Ipislateral versus Contralateral Responses. Compared to ipsilateral responses, the 
typical adults in Experiment One were found to make significantly more errors when they were 
asked to imitate contralateral responses (this type of errors contributed to 82% of all the 
irrelevant responses recorded). Similar results were found with the children with disabilities in 
Experiment Two. The results from both experiments show that both adults and young children 
were likely to imitate actions in the same hemisphere  
Unimanual vs Bimanual Contralateral Responses.  Among the contralateral responses, 
the adults emitted 40 times more incorrect responses to unimanual responses than to bimanual 
responses.  However, the children with disabilities did not find those unimanual crosslateral 
responses the most difficult; rather, it was the bimanual crosslateral responses that presented 




During Experiment One, I observed anecdotally that quite a few adults self-corrected 
their responses during the probe sessions. Self-correction is usually not accepted during the 
imitation training or probes when teaching children. However, when the adult participants 
corrected themselves with the vocal verbal operant “Sorry” or “I am sorry,” their later emitted 
responses were recorded instead of the first responses. The adults emitted the most self-
corrections to the crosslateral responses with one hand when they first emitted the ipsilateral 
responses with one hand. Evan then, the errors from this category still made up the majority of 
the all errors. Possible reasons could be that 1) the adults did not take enough time to observe the 
modeled movement and therefore failed to identify the difference between crosslateral responses 
and ipsilateral responses, 2) although the adults were willing to participate in this study, imitation 
is still considered as a somewhat simple repertoire, or even “childish” behavior, and 3) the 
difference between crosslateral responses and ipsilateral responses was really not easy to detect. 
At the same time, two-hand contralateral responses were only emitted incorrectly one time. This 
might be because the one-to-one correspondence of cross body part actions with two hands was 
more obvious to detect than the one-hand contralateral responses.  
For the young participants with disabilities, two-handed crosslateral responses were 
observed to be even more difficult than one-handed crosslateral responses. The children 
responded to the modeled two-hand crosslateral responses by imitating two-hand ipsilateral 
actions. This difficulty may due to the vague learning picture of model as contralateral responses 






 It was discovered in Experiment One that the sequence of presentation affected the 
adults’ responses in mirroring or not. The participants were found to perform quite differently 
regarding the different order of responses in 4 probe lists. Participants in List 1 and 3 were found 
to emit the most right hand responses than participants in other groups. That is, when ipsilateral 
responses were sequentially presented (e.g. left hand response, left hand response, left hand 
response, right hand response, right hand response, right hand response), more right hand 
responses were emitted.  
Another limitation in Experiment One lies in the uneven number of the two genders of 
the recruited participants. Among the 128 subjects, the number of female participants (N=98) 
greatly exceeded the number of males (N=30). Although the smaller number of males did not 
affect the results of the related statistical analysis, it would be more convincing to have a larger 
group of males added in the population pool. The results would also be greatly enhanced by 
having participants from all different majors from the university so that the whole population is 
better represented because engineering students may have different perspectives on directionality 
as a result of their training. 
One of the most notable limitations in Experiment Two was the unequal opportunities 
presented to the three responses in one learning objective. In Pereira Delgado, et al. (2009), each 
participant was taught 2 novel responses in one session. However, with only two target responses 
it is easy for the participants to guess the next movement without really paying attention to 
observe the model and thus presents the potential threat to the conditioned reinforcement of 
“seeing” and “doing.” At the same time, the researcher was also concerned that the participants 
might have difficulty learning 4 new responses at once. Therefore, the decision was made to 




session receiving fewer instructional trials than the other two. The researcher realized the 
potential problem and carried over the deficit response to the next session to make sure that each 
response were presented in comparable opportunities. To address the limitations in Experiment 
Two, the number of target responses should be blocked such that every response has the same 
number of opportunities in future studies. This will give each response in equal chance to be 
learned and therefore eliminate the possibility of the students acquiring some responses while 
failing to acquire the others. For students who have difficulty handling 4 new responses and have 
to learn 3 at one time, another solution to this may be dividing the instructional sessions into 21 
learn units instead of 20 learn units, so that each response will be taught 7 times.  
Future Studies 
It was clearly shown that the children from non-mirror trained group had difficulty in 
acquiring GI capability. Therefore, it would be interesting to continue the study with those non-
mirror trained participants and teach them imitation sets in a mirror to see if they show mastery 
with the implementation of the mirror. Another potential area that could be improved is the 
mirror used in the study. The size of the mirrors used for the mirror-trained group might actually 
affect the results. The mirrors used in the experiment were ordinary daily one-side mirrors, about 
55cm in width. During the study, the child were required to observe two people, that is, both 
himself/ herself and the experimenter, from the mirror in order to imitate the modeled actions, 
which could be challenging sometimes. For some of the target actions taught during training 
sessions that required stretching body parts, such as one arm stretching out at side, the modeled 
action was more likely to go beyond the boundary of the mirror. Although it was still possible for 




gained from using a wider wall mirror in future studies by decreasing the effort of “seeing” and 
thus increasing the fluency of “doing”.  
Although the data reported here show than GI can be induced by teaching the appropriate 
response class with an appropriate tool (mirror), most typically developing children do not need 
extensive training to acquired GI capability. How they do so, and why, are important research 
questions that remain to be answered. Imitation provides the engine for more complex and 
advanced developmental cusps and capabilities. Additional research also needs to be done on the 
actual benefits that accrue from establishing GI.  
Furthermore, future studies could be conducted with collaboration with neuroscientists in 
neuroimaging studies to test if the imitation training in front of a mirror could facilitate more 
activation in human mirror system or re-establishment of new mirror neurons in children 
diagnosed with autism as the mirror provides a way for the children to see themselves imitating 
and being imitated at the same time. 
Conclusion 
As the novel responses were not reinforced during the probe sessions, there were no 
intermittent reinforcers. Therefore, I argue that it is not the newly mastered imitation responses 
per se but the conditioned reinforcement that has been acquired for the correspondence between 
seeing and doing or the production of accurate duplication of topography that makes GI possible. 
The findings in my experiments support the notion that conditioned reinforcement for 
correspondence between seeing and doing is the source of GI, since no other consequences 
resulted from the duplication other than the duplication per se.  
This conditioned reinforcement notion provides an extension of the Baer, et al’s 




prosthetic reinforcement between the model and imitative response to the intrinsic conditioned 
reinforcement for the correspondence. This interpretation is also different from the trained 
matching account Horne and Erjavec supported because the 3 non-mirror trained group 
participants in the present study received the same numbers of learn units without the mirror, yet 
did not acquire GI capability in the post training probes.   
Also, in the mirror procedure the similarity is what is reinforced perhaps enhancing the 
conditioning process. Through the intensive instruction of imitation sets, participants in both 
groups were exposed to an instructional setting when they were taught gestural imitations. 
Through the repeated sessions of imitation learning sets, the participants’ correct correspondence 
responses to the model actions were conditioned by being paired with preferred edibles, vocal 
praises or gentle physical touch. Thus this result is consistent with VBDA (Greer & Speckman, 
2009) position that the possible source for GI lies in the establishment of conditioned 
reinforcement for the one to one correspondence between observing and producing. The 
establishment of reinforcement for correspondence between observing and producing could be 
critical developmental cusps for a range of responses (Greer & Longano, 2010), such as 
parroting (hear and say), echoing (hear and say), emulation (see and do without imitation step by 
step), imitation (see and do), and transcription (see and write).  
While the abovementioned conclusions require consideration more research to provide 
the empirical ground, findings here coupled with others reported in Greer and Longano (2010) 
suggest this possibility. The data reported here support the results from previous studies (Greer, 
Pistoljevic, Cahill, & Du, 2011; Maffei-Lewis, 2011) regarding the conditioned reinforcement 
account by showing that children with disabilities acquired the conditioned reinforcement 




opportunities to learn from imitation. This means that they have acquired a new developmental 
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Appendix C. Picture of generalized motor imitation pre-and post-intervention probes   
 
  
 
